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The growth of plant embryos in culture’ 
Car_ D. LARUE 


(WITH FIVE FIGURES) 


The growth of immature plant embryos in culture is not new, for 
Hannig as early as 1904 was able to grow embryos of Raphanus and 
Cochlearia to maturity after they had been removed from their ovules 
when they were about 1.2 mm. long. 

Stingl (1907) was able to grow embryos of several grains after removal 
from their own endosperm, but instead of placing them in culture solutions 
he transferred them to the endosperms of other species of grains. He found 
Secale endosperms better for the growth of Triticum embryos than endo- 
sperms of other seeds of Triticum. Hordeum embryos grew better in 
Triticum endosperms than in their own. This work showed that embryos 
were not necessarily limited to the nutrition supplied by endosperms of 
their own species. 

Knudson (1922) showed that the seeds of orchids could be germinated 
without the presence of symbiotic microorganisms if sugar were supplied. 

Dietrich (1924) followed Hannig’s lead in the cultivation of embryos 
of angiosperms. He did not succeed in growing embryos smaller than those 
which Hannig had used though he did show that the relatively complicated 
nutrient solutions used by Hannig could be replaced by simpler ones. 

Arnaudov (1925) found that the sporophytes of mosses could be re- 
moved from their own gametophytes and transplanted successfully into 
other gametophytes either of the same species, or other species. This work 
apparently demonstrated the nonspecificity of the nutritive substances 
used by moss embryos. 

The author (LaRue 1929) separated sporophytes of Dicranum mon- 
tanum from their gametophytes and imbedded their basal ends in 
Benecke’s agar where they grew to maturity and produced normal cap- 
sules containing spores. This work suggests a greater degree of independ- 
ence of sporophytes than is ordinarily assumed. 

White (1932) cultivated embryos of Portulaca oleracea in Uspenski’s 
solution plus a fibrin digest. Embryos 0.12 mm. long increased in size 
rapidly and the largest reached a maximum length of 1.84 mm. Only liquid 
media were used and the embryos were unable to continue growth for 
more than three weeks. It is noteworthy, however, that the embryos used 


1 Papers from the Department of Botany, University of Michigan, No. 562. 
A part of this work was done at the University of Michigan Biological Station. 
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were much smaller than those grown by Hannig and Dietrich. Later White 
(1934) was remarkably successful in growing tomato roots for indefinite 
periods in liquid media, but did not succeed in inducing them to develop 
into complete plants. 

The growth of sweet cherry embryos in artificial culture was reported 
by Tukey (1933) and a year later (Tukey 1934) success was reported in 
the growth in culture of embryos of other cultivated fruits. The embryos 
used in these studies were nearly mature, and attempts to grow very 
young embryos were not successful. 

Lampe and Mills (1933) reported the growth of embryos and endo- 
sperms of maize on agar containing extracts of potato or young corn, 
mineral salts and dextrose. Endosperms taken from the kernels ten to 
twenty-five days after pollination produced callus formations on the side 
next to the embryo. Embryos taken from grains from ten days to fifty-five 
days after pollination were developed in culture and afterward grown in 
soil. 

The work described in the present paper was begun in the summer of 
1935 after the author (LaRue 1936) had discovered that small bits of the 
immature embryos of various species could be grown in culture and in- 
duced to form complete plants. This success in the growth of tissue cul- 
tures of higher plants so often attempted since the first trials by Haber- 
landt (1902) in 1898 naturally led to an effort to grow complete but very 
young embryos in culture by the use of the same technique. The results of 
this effort are given in the following pages. 


THE GROWTH OF DICOTYLEDONOUS EMBRYOS 


The ovaries of these species were flamed on the surface and the peri- 
carps were cut away with a sterile knife so that the ovules could be re- 
moved to a sterile slide with flamed forceps. The ovules were then dis- 
sected and the embryos placed, without washing, on the surface of the 
nutrient agar. Petri dishes were used for culture media usually but some- 
times the embryos were transferred to plugged culture tubes which had the 
advantage of greater freedom from invasion by contaminating organisms 
but also had the disadvantage of making it difficult to observe in detail the 
early stages of development of the embryos. 

In species of Compositae the heads were flamed before the achenes 
were removed but the achenes themselves were usually not flamed. 

White’s solution was used as a nutrient for these cultures and was made 
up in four lots as follow: 

Solution A. White’s solution without sugar or yeast extract. 
Solution B. White’s solution without sugar but with yeast extract. 
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Solution C. White’s solution with sugar and yeast extract as used in 
his cultures. 

Solution D. White’s solution with sugar but with yeast extract 
omitted and with synthetic hetero-auxin? added—1 part to 20 millions. 

Solutions A and B did not prove satisfactory for the growth of any of 
the embryos, a result which might have been expected with any embryos 
except those which were very large and nearly mature. 

Some of the early cultures were tried with liquid media in which little 
growth took place. On this account the remaining trials were made with 
either 1% or 0.75% agar-agar added. The 0.75% seemed to be more satis- 
factory for the embryos, but if so little agar-agar is added any hydrolysis 
in sterilization may result in an agar so soft that it prevents inversion of 
the Petri dishes for examination of the embryos. 

Lactuca canadensis L. Embryos were dissected from achenes of varying 
ages and grew rapidly on agar containing solution D as a nutrient. Em- 
bryos 0.5 mm. long when removed from their ovules had grown to a length 
of 7 mm. in 11 days. After 14 days one had a root 15 mm. long and one 
leaf 7 mm. long. After 25 days in culture the strongest plant had a root 
34 mm. long and a leaf 20 mm. long by 5 mm. wide. Three days later the 
root of this plant had grown to a length of 44 mm. and the first leaf was 
24 mm. long by 6 mm. wide. From this stage the plants developed second- 
ary roots and new leaves rapidly. When they were about two months old 
they were potted in earth where they grew normally. 

Very small embryos, about 0.1 mm. long and nearly spherical in shape 
were dissected out from their ovules and placed on agar. They soon doubled 
their original size but did not continue growth thereafter. 

Taraxacum officinale Weber. Embryos of this species were dissected 
from their achenes when about 1 mm. long. They were placed on agar 
containing solution D. Probably on account of their larger size their growth 
was more rapid than that of the embryos of Lactuca, but it was not differ- 
ent in any other way. Very small embryos, 0.1—-0.3 mm., expanded to a 
larger size but did not grow. 

Chrysanthemum Leucanthemum L. Heads of this species were picked 
when the corollas of the ray florets were beginning to wither. The embryos 
were placed on agar with solution C as a nutrient. Another lot was placed 
on solution D agar. These embryos ranged from 0.5 mm. to 1 mm. in 
length. Embryos of all sizes were capable of growth and developed in the 
same way and at about the same rate as those of Lactuca. 

As a variation from the usual technique a number of endosperms con- 

* The synthetic hetero-auxin was very kindly furnished me by Prof. F. C. Went 
of the California Institute of Technology. 
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taining embryos were dissected out from their seed coats and placed on 
solution C agar. In two days most of the embryos had broken out of their 
endosperms, had turned green and were growing rapidly. It was evident 
that the endosperm could not prevent the growth of the embryos as hard 
seed coats appear to do in some species. 

Solution C appeared to be as satisfactory as solution D for the growth 
of Chrysanthemum embryos. 

Lycopersicon esculentum Mill. Tomato embryos proved difficult to re- 
move from the larger ovules without injury, but in the younger ovules 
the seed coats were still soft enough to allow easy removal of the embryos. 
The embryos in these younger ovules were about 0.75 mm. long and were 
still uncurved. On solution D agar they grew rapidly into small normal 
plants. Such of the larger embryos as were removed without serious injury 
grew more rapidly and produced proportionately larger plants. 

Coreopsis lanceolata L. The embryos of this species which were avail- 
able were all rather large as compared with those grown from the other 
species. They varied from 3 mm. to 5 mm. in length and grew into normal] 
seedlings on solution D agar in a few days. 

Nicotiana Tabacum L. and Bryophyllum crenatum Baker. The ovules of 
both these species are very small and although the embryos removed from 
them were only 0.5 mm. or less in length they undoubtedly represented 
more mature stages of development than embryos of the same size from 
larger-seeded species. On solution D agar the embryos of both these species 
grew rapidly into normal but very tiny seedlings. 

Embryos of varying sizes of a number of other dicotyledonous plants 
were given one or more trials without success. Among these were Alyssum 
saxatile compactum, Plantago major, Plantago lanceolata, Malva moschata, 
Eschscholizia californica, Linum perenne, Lathyrus latifolius, Epilobium 
angustifolium, Asclepias syriaca, and Melilotus alba. Although sufficient 
study of these was not made to make sure they could not be grown, at 
this stage of progress it appears that the choice of species has much to do 
with the successful growth of embryos. 


THE GROWTH OF MONOCOTYLEDONOUS EMBRYOS 


The methods used for securing and growing monocotyledonous em- 
bryos were practically the same as those employed for dicotyledonous 
embryos. The fruits were always flamed before they were opened. Ears of 
corn with the husks on were flamed on the outside. The husks were then 
removed and grains themselves were flamed after their removal from the 
cob before they were laid on the sterile slides for dissection. In spite of all 
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care contaminations were common although numbers of sterile embryos 
could be obtained. No washing, or other means of sterilization of the em- 
bryos was attempted because it was believed that such treatment would 
be most detrimental to the delicate structures. 

The culture solutions used were the following: 

Solution 1. White’s solution with sugar but without yeast extract. 

Solution 2. White’s solution as used by him, containing both sugar and 
yeast extract. 

Solution 3. White’s solution with sugar but without yeast extract, for 
which synthetic hetero-auxin was substituted—1 part to 20 millions. 

Solution 4. White’s solution with sugar and yeast extract plus synthetic 
hetero-auxin—1 part to 20 millions. 

To all the solutions 1% agar-agar was added. 

Avena sativa L. Embryos of oats were dissected from grains in which 
the endosperms were still a watery mass. The smallest embryos were ex- 
ceedingly hard to find and were less than 0.5 mm. in diameter. They had a 
broad button-like cotyledon and a very short sharp radicle. A mere ridge 
indicated the coleoptile and no sign of a bud could be seen inside this 
coleoptilar fold. The embryos were placed on agar containing solution 4. 
Small as they were these embryos grew rapidly and in three days showed 
the beginnings of shoots. In four days good primary roots and the be- 
ginnings of adventitious roots were seen. In ten days the coleoptiles were 
about 3 mm. long and the roots were from 1 to 3 mm. long. The cotyledons 
were no larger now than they were when first removed from the grains. 
At this stage contamination developed and all the embryos were lost. 

Larger oat embryos varied from 1 mm. to 2 mm. in length. In the 
smallest of these the cotyledons were circular and in the larger ones they 
were elongated ovate-lanceolate in outline and much thinner than those of 
the smaller embryos. Coleorhizae and coleoptiles were clearly defined. A 
number of these embryos were placed on agar containing solution 4. 

After one day on the agar root hairs were seen on the coleorhizae. 
In three days the longest roots were 5 mm. long and the coleoptiles were 
curving backward away from the cotyledons, which were about 2 mm. long. 
The epiblasts were clearly seen as parts of the coleorhizae and were 
covered with short hairs which appeared somewhat different from the 
root hairs on the coleorhizae lower down. In nine days the longest stem 
was 45 mm. and the shortest 20 mm. long. In twelve days the shoots 
ranged from 25 to 60 mm. in length. Numerous roots were developing and 
were from 2 to 6 mm. long. The plants were now set in soil and continued 
to grow rapidly to heights ranging from 10 to 15 cm. At this time they had 
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to be removed from the Biological Station to Ann Arbor and all died, 
apparently from being kept in the dark for three days. 

It is remarkable that the cotyledons never grew at all after the em- 
bryos were planted on the agar. The smaller rounded cotyledons never 
changed to the ovate-lanceolate shape which the larger ones had developed 
before they were removed from their endosperms. All development of 
embryonic stages was halted at once and the embryos proceeded to de- 
velop into seedlings. 

Zea mays L. By far the largest number of cultures of monocotyledonous 
embryos was made with Indian corn. An extensive series of embryos was 





Fig. 1. Stages in the development of the embryo of Zea mays. The figures were 
prepared from camera lucida drawings of living embryos. As shown here they are 
magnified about 40 x. 


dissected from ears of corn ranging from the roasting ear stage down to 
very young ears. Trials were made with all stages from the smallest em- 
bryos which could be found under a binocular dissecting microscope using 
a magnification of 32 diameters up to the relatively enormous embryos 
found in roasting ears. 

The development of the corn embryo is shown in figures 1 and 5. 
In all these stages the scutellum is the largest part of the embryo. In the 
smallest embryos shown, the suspensor and the cotyledon are the only 
visible parts as shown in figure 1, A, and B, and in figure 5, A. In figure 
1, C, and figure 5, B, the development of a slight ridge, the coleoptile, 
is seen. In figure 1, D, the beginning of the plumule appears. In the series 
the change of the outline of the cotyledon from a rounded shape to an 
elongated one is shown. Unfortunately photographs of the side views of 
the cotyledons were not successful so that the changes in the thickness of 
the different parts of the cotyledons cannot be shown. These changes are 
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almost as great as those which are shown in figure 5. The changes shown 
by the developing embryos of the grasses are the most marked seen in 
any of the series comprising this study. For this reason the embryos of 
this group appear especially suitable for the study of experimental em- 
bryology. 

Solutions 1, 2, 3 and 4 solidified by the addition of 1% agar-agar were 
used for the embryos of Zea. No marked difference was observed in the 
success of the embryos on the different solutions, but good growth and 
development took place on all of them. 

In embryos such as are shown in figure 1, A, and B, and figure 5, A, 
no development was secured in culture except some increase in size and an 
approach to the stage shown by figure 1, B, from embryos put on agar 





Fig. 2. Development of a very young embryo of Zea mays in culture. When 
placed on nutrient agar this embryo corresponded to stage C of fig. 1. A, coleoptile; 
B, coleorhiza; C, scutellum. 

Fig. 3. Scale-like outgrowth regenerated from endosperm of Zea mays in culture. 


at the stage shown in figure 1, A. From embryos of all the other stages 
growth was secured. Complete seedlings were not secured from stages like 
figure 1, C, but this might have occurred had not contamination over- 
taken the slowly developing embryos. However, the development secured 
was rather remarkable, for from the tiny ridge which represented the 
scutellum when the embryos were put on agar, coleoptiles as long as 1 mm. 
grew out, and coleorhizae were beginning development. The aspect of the 
embryos at this stage is shown in figure 2. The scutellum in most of these 
was exactly the same size as it was when removed from the grain, about 
0.5 mm. in diameter. The only change visible was the presence of chloro- 
phyll in this organ. 

From stage D of figure 1, up to the largest embryos tested, which were 
from roasting ears and larger even than stage L of figure 5, complete 
seedlings were grown with branched roots and green leaves. Seedlings from 
all these stages were set in soil where they grew well for a time. The 
seedlings bore approximately the same relation to one another in size as 
the original embryos did when first placed on agar, and this difference in 
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size persisted until the seedlings finally succumbed to mice, slugs, and 
neglect. 

The embryos used in these experiments were of the variety Colden 
Bantam. The smallest from which seedlings capable of growing in soil 
were developed ranged in diameter of scutellum from 0.6 mm. to 1 mm. 
The coleoptile and plumule were as yet scarcely more than suggested, and 
no sign of coleorhiza could be seen. 

4 The rate of development of these embryos was remarkable. In one day 
noticeable growth took place. In two days the radicles and coleoptiles were 
-expanding. In three days anthocyanin appeared and in six days chlorophyll 
was seen. The roots on the smallest embryos now averaged 2 mm. and the 
coleoptiles 5 mm. while the larger embryos had developed with corre- 
spondingly greater rapidity. In twelve days the coleoptiles averaged 
20 mm. and the roots 10 mm. and the plants were capable of growing in 
earth. By the time the plants were ready to plant in soil the cotyledons 
were beginning to shrink and none of these organs had grown noticeably 
during the period of culture on agar. Neither had they undergone the 
changes in shape which are so marked in the embryos in their normal 
‘position in the grains. It seems that upon the transfer to agar all the 
‘embryonal stages are arrested and the embryos proceed to grow into 
seedlings at once. 

Maize embryos without cotyledons. Cotyledons were cut away from 
embryos of various sizes. Embryos in which the length from tip of coleop- 
tile to tip of coleorhiza was 1.5 mm. were the smallest that could be used 
without serious injury. From this size a series was prepared up to a length 
of 5 mm. The uninjured ones grew almost if not quite as rapidly and well 
as those in which the cotyledons had remained intact. 

Growth of isolated cotyledons in cultures. Embryos were used the coty- 
ledons of which were 7—7.5 mm. long and 3-4 mm. wide. The coleoptile, 
coleorhiza, radicle and scutellar node were scraped out from the scutellum 
of each embryo with a knife with a curved point. The cotyledons were 
then put on agar plates. The results of this trial were similar to those ob- 
tained by the writer (LaRue, 1935), with cotyledons from mature seeds. 

. In two days most of the cotyledons had roots ranging from 2 to 8 mm. 
in length. Some had only masses of tissue in the grooves from which the 
remainder of the embryos had been removed. At the end of four days 
some roots had reached a length of 20 mm. and had developed anthocyanin 
and root hairs. 

Later several of the cotyledons developed leaflike scales but none ever 
formed new buds. Apparently the growth was made from fragments of 
the coleoptiles which were not completely removed. Perhaps the roots 
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were grown from primordia present also. The rapidity of their emergence 
would suggest this. The roots grew continually for a month and the longest 
one became 180 mm. long. Since no shoot had developed to feed the plants 
they were all discarded after one month’s time. 

So far as the cotyledons themselves were concerned they showed little 
change but did grow about 1 mm. each in length so that they finally ranged 
between 8 and 9 mm. in length and from 4.5 to 6 mm. in width. No obvious 
change in shape was noted. 

In another experiment a set of embryos of yellow dent corn, much 
smaller than those used in the preceding test, were isolated and placed on 
agar with solution 1 as a nutrient. The cotyledons in these ranged from 
3-4.5 mm. in length and from 2-3 mm. in breadth. The coleoptiles, radicles 
and scutellar nodes were removed even more carefully than in the pre- 
ceding test. All of the cotyledons developed masses of tissue in the region 
of the connection between the scutellar node and the scutellum. Most of 
them developed fragmentary outgrowths of leaflike or rootlike nature but 
only a few produced real roots. 

The cotyledons increased in size so that they finally ranged from 5-6 
mm. in length, and from 3-4 mm. in width but they did not change shape 
to a noticeable extent. The increase in size occurred within the first three 
or four days and from that time on for seventeen days they made no 
further growth. 

Growth of cotyledons on endosperm in vitro. A number of seeds of a yel- 
low dent corn were opened and a part of the endosperm removed from each 
with the embryos in their natural position on the endosperms. The endo- 
sperm pieces were then placed on solution 3 in one per cent agar. In this 
way the embryos were kept from contact with the agar and it was hoped 
that the growth of roots and shoots might be delayed so that they would 
influence the cotyledons to a lesser degree than in the other cultures and 
have a chance to undergo further development themselves. The embryos 
used varied in stage of development from stage D to stage G as shown in 
figure 1. One of these was only 0.5 mm. long but produced a root 3.5 mm. 
long and a shoot 2.5 mm. long before succumbing to fungi. This was the 
best development of so small an embryo seen in any corn culture. 

In spite of their position on the endosperm and their lack of contact 
with the agar the radicles soon developed into roots which eventually 
reached the agar whereupon the usual rapid growth of both roots and shoots 
took place. There was, however, a short delay in the beginning of growth of 
these organs and the cotyledons did show some effect either of this or of 
the contact with the endosperm, or of both. 

The growth of the cotyledons was greater in most cases than in the 
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cotyledons described in the preceding cases. The increase in length varied 
from 40 to 600 per cent in the different cotyledons. 

The development in shape was rather more varied than might have 
been expected. Some of the cotyledons increased in size with some change 
from stage to stage in the series shown in figure 1. However, the changes 
were much obscured by the growth of the coleoptiles and radicles which 
departed entirely from the stages shown in figure 1. Even in those coty- 
ledons which showed a rather normal development there was an unusual 
increase in thickness of these organs. In a number the axis developed at 
right angles to the cotyledon and at the end of that organ as shown in 
figure 4, A. 





E 


Fig. 4. Development of embryos of Zea mays on endosperm in vitro. A and B. 
Embryos with unusually thick cotyledons which lie perpendicular to the axes. C and D. 
Stages in the development of an embryo with an abnormally swollen cotyledon. E. 
An embryo whose cotyledon shows two distinct parts. Legend: 1. cotyledon, 2. coleop- 
tile, 3. coleorhiza, 4. expanded basal part of cotyledon, 5. sheathing upper part of 
cotyledon. 


In other specimens the development was much the same as the pre- 
ceding except for the greater thickness developed in the cotyledons (fig. 
4, B). One interesting embryo was put on the agar in stage D, figure 1, 
and was only 0.5 mm. in length at the time of isolation. Hence it was very 
little differentiated at that time. The cotyledon increased in length from 
0.5 mm. to 3 mm. and took on the shape of a football and became perched 
on the top of the piece of endosperm with which it was in contact. The 
coleoptile finally developed near one end as shown in figure 4, C, and 
later the radicle grew out at the end of the cotyledon (fig. 4, D). The 
embryo finally produced a normal root and shoot. Another cotyledon did 
not show so great an increase in size as the preceding but took on an even 
more interesting form. It showed two different regions, a lower thick flat 
and spreading part in contact with the endosperm and an upper thinner 
part which formed a sort of sheath about the coleoptile and extended down- 
ward and merged with the coleorhiza. This is shown in figure 4, E. 

It is likely that the freedom from pressure of the pericarp was a factor 
of some importance in inducing the unusual shapes of these cotyledons. An 
exceedingly active fungus killed all the embryos before it was possible to 
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see what the ultimate shape of the cotyledons would have been when the 
roots and shoots had developed more completely. 

Growth of excised stems and roots. In this test embryos of Golden Bantam 
sweet corn in the roasting ear stage were used. The shoots of the embryos 
were cut off in the scutellar nodes and the radicles were severed at the same 
point. The excised pieces, which averaged 2.5 mm. in length, were put on 
agar made up with each of the nutrient solutions 1, 2, 3 and 4. Whole 
embryos of the same age and size were cultured on the same solutions as 
controls. 

The shoots grew in the same way as those attached to cotyledons but 
the rate of growth was not as great as in the complete embryos. 

The excised radicles developed into roots which continued growth for 
fifteen days at which time many were contaminated with fungi and so all 
were discarded. They had reached an average length of 25 mm. or ten times 
their original length and appeared capable of further growth. 

Development of isolated pieces of endosperm. The possibility of growth 
and regeneration of endosperm is of great interest. The endosperm is a 
tissue which continues growth until the maturity of the seed in many 
species, of which maize is one, but is used up as the embryo matures in 
others. If present in the mature seed it is digested and consumed by the 
embryo during germination. In germination the endosperm swells greatly 
but appears not to be able to renew growth after it has become dormant 
in the ripe seed, while the embryo which has been dormant also is able to 
renew active growth and development. The endosperm seems then to have 
no possibility of development into anything but a storage tissue and it 
shows relatively little differentiation. Many trials of endosperm from seeds 
of various species have been made by the writer, but with little result. In 
Crinum asiaticum Merry (1936) has shown that periderm is developed on 
wounded surfaces of endosperm, and Nakano (1924) has observed a similar 
though much less pronounced development in endosperm of the castor 
bean. The writer has observed the formation of small masses of callus 
on cut surfaces of endosperm of germinating corn grains but nothing more. 
Lampe and Mills (1933) reported that endosperm in their cultures formed 
callus on the side next to the embryos. 

In the attempt to induce regeneration of the endosperm, pieces of corn 
endosperm were removed from ovules of various stages of development, 
but all from early stages in which the endosperm was a pearly white crisp 
tissue before the milk stage of the grain had appeared. These were placed 
on agar impregnated with solution 4. Most of them expanded though some 
did not, and at best the growth, if it were indeed true growth, did not 
amount to more than a 30 per cent increase in length and breadth of the 
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fragments. Several took on a faint greenish tinge which was probably due 
to chlorophyll, but none became really green. One produced several small 
knobs of tissue which did not continue growth. 

Another specimen was of special interest. It was taken from the lower 
end of the grain with the embryo in place. The embryo was then removed, 
leaving a depression in which it had lain. The surface of this depression 
was quite smooth and the embryo came out clean without any adhering 
bit of endosperm. It did not appear possible that any fragment of the em- 
bryo was left behind. Yet after 8 days a little pad of tissue appeared in the 
depression where the embryo had lain. In ten days the endosperm un- 
doubtedly contained chlorophyll and three small nubs of tissue had grown 
out around the bottom of the mass. The pad of tissue in the depression left 
by the removal of the embryo had now grown out into a little scale of one 
layer of cells with thicker portions around the edges as shown in figure 3. 

At this time contamination appeared in the endosperm and the scale 
was soon too much damaged for use in determining the chromosome num- 
ber of the cells. If this scale and the three tiny outgrowths at the bottom 
of the endosperm really did come from the endosperm itself we have in 
that the first record of any true regeneration of endosperm tissue of which 
the writer is aware. It seems very unlikely that the tissue came from any 
other source and it offers great hope that further trials, which will be made 
as soon as material is available, may lead to more extensive regeneration of 
endosperm tissue. 

Panicum palmifolium Willd. Embryos have recently been removed 
from the minute ovules of Panicum palmifolium. On account of their very 
small size, embryos of stages as early as those of maize have not yet been 
grown, but those which have been developed have been of earlier stages 
than the largest maize embryos described in this paper. Their development 
has been comparable to that of the maize embryos. They have produced 
good roots and normal green shoots but the cotyledons do not continue 
growth. 

Vallota purpurea Herb. The embryos of Vallota purpurea are under in- 
vestigation at present. Success has been secured with embryos ranging 
from maturity down to a length of 0.5 mm. or less. Complete plants with 
roots and green shoots have been produced from all these. The smallest 
embryos used showed little differentiation at the time of their removal from 
the ovules. The most conspicuous thing observed in their differentiation is 
that the cotyledons do not continue their development beyond the stage 
reached before removal from the ovules, but from the beginning of culture 
in vitro they begin to wither. This is interesting because Vallota has a type 
of cotyledon quite different in shape from those of the Gramineae and a 
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Fig. 5. Stages in the development of the embryo of Zea mays. The photographs 
were taken by Mr. Ralph Bennett from living embryos. 
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different type of behavior on germination. In culture these cotyledons 
agree with those of corn and oats, and further testify to the statement that 
embryos in culture-do not go through the regular stages of embryonic dif- 
ferentiation but begin at once the production of seedling stages. 


THE GROWTH OF EMBRYOS OF GYMNOSPERMS 


Immature cones of Pinus resinosa Ait., Thuja occidentalis L., Picea 
canadensis (Mill.) B.S.P., Tsuga canadensis Carr., and Pseudotsuga taxi- 
folia Britt., were flamed, after which the ovules were removed, flamed and 
dissected. The embryos were removed from their endosperms and placed 
on nutrient agar. At the time of transfer these embryos were larger than 
those of the angiosperms already described, since they ranged from 2 mm. 
to 4 mm. in length. They grew rapidly in culture and developed into nor- 
mal seedlings, which were, however, much smaller than seedlings from 
mature seeds. 

DISCUSSION 

In the beginning it must be understood that this paper is the result of 
much work of an exploratory nature and that, necessarily, many questions 
have been left unanswered, while an even greater number have been 
raised. The most important fact seems to be that embryos of a number of 
species can be grown from a very immature stage into seedlings capable of 
continued growth, and, it is believed, to eventual maturity. In this work 
no seedlings have been grown to maturity but Tukey (1933, 1934) and 
Lampe and Mills (1933) have grown embryos to maturity from sizes 
smaller than those described in this paper were when they perished. 

Knudson (1922) has grown seedlings of orchids from beginnings, prob- 
ably smaller than any cultured by any other worker here mentioned, but 
they were certainly more mature since they came from ripe seeds. 

The assertion of Dietrich (1924) that embryos less than one-third their 
full size are incapable of existence has been shown to be untrue. In fact 
this was shown by White (1932), who obtained growth from embryos 
smaller than any cultured in the present experiments, though they were 
not shown to be capable of continued existence. 

Thus far it appears that though the present investigation has shown 
that embryos 0.5 mm. or slightly less in length can be grown successfully 
and without too great difficulty, those of still smaller size have not yet been 
brought under such control. Though the attempts at culturing them have 
not been sufficiently numerous to warrant a pessimistic attitude toward the 
possible result, it does appear to the writer that at a length of about 0.5 
mm. we may have reached a new lower threshold which it will be difficult 
to pass. 
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All the successful attempts recorded in this paper were obtained with 
agar media. The limited growth of very small embryos reported by White 
was gained by the use of liquid cultures. From observation of the liquid 
condition of the endosperm in very young ovules it appears possible that 
liquid media may be best for very. young embryos and that a transfer to 
agar media at a later stage of development might have kept White’s em- 
bryos alive. So far we know so little of the conditions under which ovules 
develop that we cannot say with any assurance whether the embryos need 
aerobic or anaerobic conditions at any given stage of growth. From the 
rapid and normal growth of embryos in these cultures it does not appear 
that Dietrich’s idea of the value of imbedding the embryos in agar is valid. 

The development of embryos of such widely different groups of plants 
as gymnosperms, dicotyledons, and monocotyledons on one medium, 
shows that the nourishment of the embryo is not specific as the work of 
Stingl (1907), Arnaudov (1925) and LaRue (1929) had already indicated. 

It is apparent from these studies, as Dietrich has pointed out, that no 


‘rest period is needed for embryos of many species. Dormancy in such 


species, is induced at a later stage, during the ripening of the seed. The 
question may be raised as to whether the term after-ripening, which con- 
notes further development is applicable to seeds of these species. 

Not much has been added to the knowledge of the morphology of the 
embryos of dicotyledons by these observations. Apparently the cotyledons 
of dicotyledonous plants fail to develop their normal size on embryos in 
culture. The embryos of plants of these groups show little change in shape 
from a size of 0.5 mm. to that of full maturity. However, the curvature of 
embryos is induced by the restricting influence of the ovule as Dietrich 
has stated. Embryos which are straight when removed from their ovules 
remain uncurved in their later development. 

The monocotyledonous embryos undergo such striking changes in 
morphology during their development from a size of 0.5 mm. to maturity, 
that observations of such embryos in culture are much more fruitful than 
the study of either of the other groups. These embryos seem to offer the 
best material for the study of experimental embryology of plants, a sub- 
ject which has long awaited the development of methods by which plant 
embryos could be placed under controlled conditions and kept under ob- 
servation. 

Dissection of maize embryos showed clearly the lateral position of the 
cotyledon, and thus substantiates the evidence obtained by Weatherwax 
(1920) from sections of the corn embryo. The cultures of Avena embryos 
showed that the epiblast belongs to the coleorhiza as Dietrich reported, 
and is separated from it by later expansion of the embryo. 
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One of the most significant differences between the morphology of 
embryos grown in culture from those developed in the grain is in the 
‘behavior of the cotyledon. In cultured embryos the cotyledon ceases 
growth as soon as the embryos are removed from the ovules, whatever 
the stage of development may be. However, when pieces of endosperm are 
placed in culture with the cotyledons undisturbed on them, the latter 
organs undergo considerable growth, and show strange changes in shape, 
of which the meaning is not clear. In one example the cotyledon developed 
two definite regions; a basal portion, and a sheathing upper portion. (fig. 
4, E). The upper portion may perhaps be considered as an approach to 
the leaf sheath of the normal foliage leaf. Whether these changes are, or 
are not, atavistic, remains to be discovered. 

The endosperm is a tissue which, if developed in culture, should be of 
great interest. In these cultures a few endosperm masses showed expansion 
and two showed small protuberances. One developed a small scale in the 
cleft from which the embryo had been removed (fig. 3). This appears to be 
the first record of an approach to real regeneration of any endosperm. If 
further regeneration of endosperm can be induced what will be the nature 
of the outgrowth? 

It is obvious that the task of growing embryos in culture is only well 
begun but it is believed that this series of studies has materially reduced 
the size of the embryos which may be grown. It is important that we should 
attempt to grow embryos of still earlier stages of development, but with 
the knowledge that those of a number of species from widely differing 
groups can be developed in culture the way is open to many physiological 
studies on the requirements of the young embryo. The same knowledge 
makes possible the beginning of the study of the experimental embryology 
of plants. 


SUMMARY 


1. Immature embryos of Taraxacum officinale, Chrysanthemum Leu- 
canthemum, Lactuca canadensis, Coreopsis lanceolata, Lycopersicon escu- 
lentum, Nicotiana Tabacum, and Bryophyllum crenatum have been grown 
in vitro to the seedling stage. These embryos were between 0.5 mm. and 
1 mm. in length when transferred to agar media. Larger embryos were 
grown with proportionately greater ease. 

2. Embryos of Avena sativa less than 1 mm. in length were grown into 
green seedlings. Embryos under 0.5 mm. in length were grown success- 
fully in culture in early stages. 

3. Embryos of Zea mays,0.5 mm. in length, developed roots and green 
shoots on agar media. Slightly larger embryos were grown into plants 
capable of living in soil. 
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4. The cotyledons of corn and oats ceased growth when the embryos 
were transferred to agar. Corn cotyledons dissected away from coleoptiles 
and radicles grew little on nutrient media and did not progress into normal 
later stages. 

5. Cotyledons of corn, removed from their ovules with portions of en- 
dosperm intact grew much more than those without endosperm, and some 
specimens developed into strange forms. 

6. Pieces of endosperm without embryos showed slight growth on nu- 
trient media in agar. One fragment of endosperm produced an outgrowth 
in the form of a flat, thin scale, the first known case of any true regeneration 
of endosperm. 

7. Minute embryos of Panicum palmifolium have been grown in cul- 
ture into seedlings. 

8. Embryos of Vallota purpurea under 0.5mm. in length have developed 
into seedlings in culture. The cotyledons of these embryos ceased growth 
and withered when the embryos were placed on agar. 

9. All the monocotyledonous embryos, whatever their stage of differ- 
entiation, ceased development of normal embryonic stages when trans- 
ferred to agar media, and at once grew into seedlings. 

10. Embryos of Pinus resinosa, Thuja occidentalis, Picea canadensis, 
Tsuga canadensis, and Pseudotsuga taxifolia, were dissected out from 
their endosperms and grown on agar media into small but normal seedlings. 

11. The application of the methods described in this paper to various 
problems in physiology and experimental plant embryology is suggested. 


The author wishes to express his thanks to Mr. Ralph E. Bennett for 
the photographs shown in figure 5. 
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Some abnormalities in the development of the 
embryo sac of Lilium longiflorum 


Sister M. HyacrntuH Kircu, O.S.F. 


(WITH PLATES 16-19) 


The megaspore mother cell in angiosperms, as is well known, arises 
from a subepidermal cell of the nucellus. The development of the cell fol- 
lows one of two general types, the “normal” type or the “‘lily”’ type. The 
first two divisions of the nucleus in both types are the meiotic divisions. 

In the ‘normal’ type at the close of the first nuclear division, a wall is 
formed between the nuclei; each cell again divides, giving rise to an axial 
row of four megaspores, separated from each other by cross walls. The three 
outer cells of the axial row usually disintegrate, while the remaining cell 
enlarges to form the embryo sac. As a result of three successive divisions 
the eight-nucleate stage arises. The egg and the two synergids are formed 
in the micropylar end of the embryo sac and the three antipodal cells are 
at the chalazal end. The two polar nuclei occupy the center of the embryo 
sac. 

In the “‘lily”’ type, as has been until recently described, the egg is re- 
moved from the archesporial cell by three divisions. The first four nuclei, 
formed by the developing megaspore mother cell, lie free in the cytoplasm, 
the cross walls being absent. These four nuclei undergo mitotic division to 
form the eight-nucleate stage. 

Peculiarities pertaining to the development of the megaspore mother 
cell have frequently been reported in monocotyledonous plants. 

As early as 1879, Vesque observed that in Uvularia grandiflora an em- 
bryo sac was developed by each of two or three daughter cells of one mega- 
spore mother cell. These developed as far as the four-nucleate stage. 

Guignard (1882) figured two archesporial cells developing side by side 
in the hypoderm of Ornithogalum pyrenaicum, while Coulter and Chamber- 
lain (1903) reported three and five archesporial cells in two preparations of 
Lilium philadelphicum. 

Dixon (1895 a and b) found that without fertilization the embryo sac of 
Lilium longiflorum had a large number of nuclei present in the central 
portion. These were assumed to be formed by direct nuclear division from 
the lower polar nucleus. He also referred to peculiar forms of direct nuclear 
division in the endosperm of Fritillaria imperialis. 

In her study of Lilium Martagon, Miss Sargant (1896 a and 6) observed 
that in some cases the nucleus of the subepidermal cell, which is to become 
the megaspore mother cell, divides, thus forming twin embryo sacs. One 
preparation showed a double embryo sac with four spindles. Twelve chro- 
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mosomes were observed in the micropylar nucleus but commonly twenty- 
four in the chalazal one. In the four-nucleate stage, a single nucleus was 
observed near the micropylar end and three near the chalazal end. 

Two embryo sacs in the same megaspore sac were observed by Bernard 
(1900) in Lilium candidum; by Lechmere (1910) in Fritillaria messanensis ; 
by McAllister (1914) in six of the eight species of Convallariaceae ex- 
amined. 

Miss Ferguson (1907) figured two megaspore mother cells separated 
by a layer of somatic cells in Lilium longiflorum, while Miss Stiffler (1925) 
figured two and four megaspore mother cells occurring in one nucellus in 
Cyrtanthus. Likewise in Velthemia Miss Stiffler figured a double ovule and 
two apparently normal megaspore mother cells side by side in one nucellus. 
One embryo sac contained two rows of three megaspores each. Embryo 
sacs of abnormal shapes also occurred. 

Cooper (1934) found that in Lilium Henryi, after the reduction divi- 
sions were completed, three of the nuclei passed to the chalazal end of the 
embryo sac and one remained at the micropylar end. Then all of the nuclei 
divided simultaneously. The spindles of the three chalazal nuclei united 
and the thirty-six chromosomes became arranged on a common equatorial 
plate. The micropylar nucleus divided in the usual way. Thus when the 
divisions were completed a four-nucleate embryo sac was again formed 
with two 3” nuclei at the chalazal end and two haplod nuclei at the micro- 
pylar end. The two nuclei at the micropylar end of the embryo sac and one 
of the 3m nuclei at the chalazal end divided mitotically, the chalazal spindle 
having a larger number of chromosomes than the spindles of nuclei of the 
micropylar end. The other 3m nucleus divided in an “‘abortive manner.” 
Thus four instead of three divisions intervened between the archesporial 
cell and the egg. Later Cooper (1935) made a more intensive study of this 
same problem. An investigation of eight species of Lilium yielded the same 
results. 


METHODS 


For the observations here recorded ovaries from Lilium longiflorum 
Thunb. were used. The material was collected in a greenhouse the last 
week in June, 1932. The few buds used were all that remained of a group of 
plants which bloomed about the middle of June. 

The ovaries were cut into sections about a quarter of an inch in length 
and fixed in Flemming’s medium fluid. This was done at the greenhouse. 
They were infiltrated in the usual way with xylol and embedded with 
paraffin. The sections made were from nine to twelve microns thick. The 
slides were stained with Flemming’s triple stain (safranin, gentian-violet, 
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and orange G.). Occasionally light green was substituted for orange G. 
The results of 350 slides examined differed considerably from those which 
have thus far been described. 

All the drawings were made with the aid of a camera lucida. The ori- 
ginal drawings represent a magnification of 1377 except figure 20 of 
plate 19 which represents a magnification of 635 x. All drawings are re- 
duced one-third in reproduction. 

DISCUSSION 

The ovules at first are knob-like outgrowths from the placenta. In very 
early stages it is difficult to determine which one of the subepidermal cells 
will become the megaspore mother cell. Apparently several cells are poten- 
tial megaspore mother cells, but generally only one will function as such. 
However, not infrequently several megaspore mother cells develop simul- 
taneously. Several instances of two cells developing in this manner occurred 
(fig. 1, pl. 16). These cells were either side by side as the one figured or they 
were in a vertical position. In one case, not figured, three megaspore mother 
cells are developing side by side. In all of these cases there are no signs of 
integuments and the general appearance of the surrounding tissues gives 
every indication that the cells are primary mother cells and not the result 
of the division of a primary cell. Single megaspore mother cells in resting 
condition show no abnormalities. The cytoplasm which is of a fibrillar 
nature is finely vacuolated. Fibrils, not always evenly distributed in the 
cytoplasm, appear more numerous in some places than in others. Normal 
spireme stages were numerous (fig. 2, pl. 16). 

The two-nucleate stage is not uncommon (fig. 3, pl. 16). Sometimes the 
nuclei are either in a vertical position as in figure 3 or side by side. One 
case of incomplete nuclear division was observed in this stage (fig. 4, pl. 
16). A careful examination of the preceding and following sections con- 
vinced the writer that this is not a case of overlapping nuclei, since the 
nuclear membrane cannot be distinguished in its entirety and the nuclear 
network passes freely from one nuclear portion into the other. This case 
is similar to those found by Steil (1919, 1933, 1935), who was the first to 
describe incomplete nuclear divisions and incomplete cell divisions in the 
sporangium of Nephrodium hirtipes and later in the tapetum of Boirychium 
virginianum and Ophioglossum vulgatum. 

In Nephrodium hirtipes the incomplete nuclear and cell divisions oc- 
curred when the sporangium contained eight sporogenous cells. In Botry- 
chium virginianum and Ophioglossum vulgatum, binucleate and quadrinu- 
cleate cells as well as incomplete nuclear and cell divisions were observed 
in the tapetum when the nuclei of the spore mother cells were in the resting 
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condition. Steil attributed the binucleate and quadrinucleate cells either 
to the failure of the second spindle to develop or to the dissolution of the 
second spindle and cell plate which may have formed. The incomplete 
divisions he attributed to probable enzyme reaction. 

Incomplete nuclear divisions were also described by Roever (1935) as 
occurring in the tapetum of Hosta caerulea. The nuclei resulting from in- 
complete division were connected by a chromatin bridge. He figured and 
described a fusion occurring between the nuclei of adjacent cells; these 
phenomena, however, appear to be incomplete nuclear and incomplete cell 
division. 

Figure 5 of plate 16 illustrates lagging chromosomes which probably 
never reach the poles. As a result incomplete nuclear division occurs. 

The formation of a weak partial cell plate across the embryo sac is not 
uncommon (fig. 6, pl. 16; figs. 7, 8, and 9, pl. 17). That these are not merely 
striations in the cytoplasm is indicated in some cases by the uneven dens- 
ity of the cytoplasm in the two divisions (figs. 8 and 9, pl. 17). Remains of 
the spindle at the extremities of the partial plate are still visible in figure 
6 of plate 16. 

Definite partial plates with split membranes, extending vertically or 
obliquely across the interior of the cell but not terminated by the cell wall, 
were observed (fig. 12, pl. 17). The nuclei appear to be normal and in rest- 
ing condition. In one case only are they shown undergoing division (fig. 
10, pl. 17). The chromosomes cannot be counted with accuracy in both 
nuclei since they are not lying in the same plane. The number, however, is 
close to twenty-four, thus indicating that this is not a reduction division. 

Incomplete cell divisions appearing as clefts made in the cell, similar 
to those figured by Steil (1935) occurred frequently (fig. 11, pl. 17). 

Other irregularities are twin embryo sacs resulting from the division of 
the primary megaspore mother cell (figs. 14 and 15, pl. 18). The nuclei of 
cells thus formed sometimes undergo an unequal division. Figure 15 of 
plate 18 illustrates another case of incomplete nuclear division in the em- 
bryo sac to the right. One case of a triplet embryo sac not figured was ob- 
served. 

Embryo sacs with three and five nuclei occurred rather frequently 
(fig. 16, pl. 18). Two-nucleate stages with nuclei of unequal sizes were com- 
mon (fig. 17, pl. 18). 

In figure 13 of plate 18 the primary megaspore mother cell divided 
and the result is a two-celled embryo sac. In one of these cells the nucleus 
is passing into synapsis; in the other the secondary megaspore mother cell 
has completed another division, thus forming a two-nucleate embryo sac. 
Integuments and surrounding cells indicate that these are older tissues and 
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therefore the embryo sacs are not the result of two primary megaspore 
mother cells developing simultaneously. Attached to this same funiculus 
is another megaspore sac the megaspore mother cell of which is in the 
spireme stage. This second embryo sac is much smaller than the one 
figured. 

Two rows of three megaspore mother cells each were observed in one 
embryo sac (fig. 18, pl. 19). All of the nuclei are in the resting stage. One 
nucleus lies at a lower plane; consequently only the upper portion is fig- 
ured. Only portions of the chromatin thread are visible. 

A four-nucleate stage showing incomplete cell divisions was observed 
(fig. 19, pl. 19). 

Two megaspore sacs attached to one funiculus were frequently found 
(fig. 20, pl. 19). These grew either somewhat parallel or at right angles to 
each other. In figure 20 of plate 19 the nucleus of one embryo sac is in 
synapsis, while in the other there are two megaspore mother cells lying 
side by side. 

SUMMARY 

1. The megaspore mother cell of Lilium longiflorum develops from a 
subepidermal cell of the nucellus. 

2. Several megaspore mother cells may develop simultaneously. 

3. Twin embryo sacs may be formed by division of the megaspore 
mother cell. 

4. Two megaspore sacs separated by vegetative tissue may be attached 
to a common funiculus. 

5. Incomplete nuclear and cell division may occur in the course of the 
development of the embryo sac. 

6. The first division of the megaspore mother cell is not always a re- 
duction division. 

7. Incomplete nuclear divisions result from the failure of chromosomes 
to reach the poles. 

8. Unusual chemical activities may be responsible for the abnormalities 
described. 


To Dr. William Steil, through whose helpful suggestions and criticisms 
this study was made possible, the writer wishes to express her deepest 
appreciation. 

MARQUETTE UNIVERSITY, 

MILWAUKEE, WISCONSIN 
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Explanation of plate 16 


Fig. 1. Two megaspore mother cells developing simultaneously. 
Fig. 2. Megaspore mother nucleus in spireme stage. 
Fig. 3. Two-nucleate stage. 
Fig. 4. Incomplete nuclear division. 
Fig. 5. Anaphase stage of the first division showing lagging chromosomes. 
Fig. 6. Two-nucleate stage with partial plate and remains of the spindle at the ex- 
tremities of the plate. 
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Explanation of plate 17 
Fig. 7. Weak plate formation. 
Figs. 8 and 9. Weak plate formation with cytoplasm denser in one section. 
Fig. 10. Anaphase stage of second division. 
Fig. 11. Incomplete cell division. 
Fig. 12. Partial plate with split membrane. 
{ 


' 
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Explanation of plate 18 
Fig. 13. Twin embryo sacs. Nucleus in lower sac is passing into synapsis. Upper 
sac is in two-nucleate stage. 
Fig. 14. Twin embryo sacs with nuclei of uneven sizes. 
Fig. 15. Twin embryo sacs. Incomplete nuclear division in the one to the right. 
Fig. 16. Embryo sac with three nuclei. 
Fig. 17. Embryo sac with two nuclei of unequal sizes. 
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Explanation of plate 19 
Fig. 18. Two rows of three megaspore mother cells each. 
Fig. 19. Four-nucleate stage with incomplete cell divisions. 
20. Two embryo sacs attached to a common funiculus. 
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Revision of the Euphorbia polycarpa group of the Southwestern 
United States and adjacent Mexico; a preliminary treatment 


Louts C. WHEELER 
(WITH THREE FIGURES) 


The studies on which this paper is based were carried on at the Herba- 
rium of Pomona College under the direction of Dr. Philip A. Munz to 
whom I am indebted for help and guidance. 

Besides expressing appreciation to Dr. Munz for his help, the writer 
expresses gratitude to Dr. W. L. Jepson for the loan of a critical type, to 
Dr. Aven Nelson for the gift of a fragment of a type, and to Dr. Ivan M. 
Johnston, Harvard University, Miss Ruth Sanderson, Librarian at Gray 
Herbarium, and Mr. Joseph A. Ewan, University of California at Berke- 
ley, for looking up references. I am indebted to my wife Leota Wheeler 
for assistance in preparation of the manuscript for publication. Apprecia- 
tion is expressed to the curators of the following herbaria for their kindness 
in loaning material: 

California Academy of Sciences (CA) 

University of California at Berkeley (C) 

University of California at Los Angeles (UCLA) 
Rancho Santa Ana Botanic Garden (RS) 

Field Museum (F) 

Pomona College (P) 

Santa Barbara Museum of Natural History (SB) 

Gray Herbarium of Harvard University (G) 

Dudley Herbarium of Stanford University (D) 
Herbarium of Frank W. Peirson, Altadena, Calif. (Peir) 
Herbarium of Louis C. Wheeler (W) 


The abbreviations given are those used in citing specimens. 
LIMITATIONS OF THE GROUP 


Of the section Anisophyllum of the genus Euphorbia all the entire- 
leaved non-shrubby species occurring in California and Lower California 
are intended to be included. For the rest of the arid southwestern United 
States which comprises Arizona, New Mexico, and Texas west of the 99th 
meridian, and for the bordering states of Mexico, certain groups are 
omitted: 

1. The group with often at least moderately wide leaves, usually dis- 
coid glands, ovoid or rounded-triangular seeds, and usually annual dura- 
tion, which includes Euphorbia flagelliformis Engelm., Geyeri Engelm., 
polygonifolia L., polyclada Boiss., petaloidea Engelm., and perhaps others. 

2. The group with mostly linear leaves, mostly annual duration, and 
mostly erect habit, which includes E. florida Engelm., Wrightit T. & G.., 
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gracillima S. Wats., angusta Engelm., zygophylloides Boiss., and perhaps 
others. 

The inclusion of any species in the above list does not necessarily 
mean that it occurs within the area under consideration. Finally, no species 
is here treated which does not occur in the arid southwestern United States, 
as above defined, or in Lower California. 


HISTORY OF WORK ON THE SECTION ANISOPHYLLUM 

The men who have been concerned mainly with the species treated 
in this paper are few. Boissier in De Candolle’s Prodromus 15? treated all 
the then (1862) known species of Euphorbia. The species are keyed to 
groups of several species each by the characters which, for the most part, 
seem to be the least reliable, viz., duration of the plant and character of 
the surface of the seed. Boissier also published Icones Euphorbiarum in 
1866. This work is very valuable in that the involucres are portrayed 
spread open thereby showing diagnostic characters. Engelmann described 
many of the new species found by the various exploring expeditions in 
the southwestern United States and adjacent Mexico. Millspaugh de- 
scribed many new species and transferred many names but did scarcely 
any revisional work. 


HISTORY OF THE SECTION ANISOPHYLLUM 


Anisophyllum as a genus: Haworth, Syn. Pl. Succ., 159. 1812, not 
Jacq., Select. Am., 283. 1763. As a section: Roeper in Duby, Bot. Gall. 
1:412. 1828. Chamaesyce as a genus: S. F. Gray, Nat. Arr. Brit. Pl. 2:26. 
1821. As a section: Reichb., Fl. Exc., 755. 1832. As a subsection: Boissier 
in DC. Prod. 157: 27. 1862. 

It is only by inference that the genus Anisophyllum Haworth is recog- 
nized as identical with the section Anisophyllum, for Roeper did not refer 
to Haworth’s genus. 

As to whether the genus Euphorbia should be separated into segregate 
genera I am not prepared to say at present. 


MORPHOLOGY OF THE FLOWER 


The involucre of Euphorbia is here considered to be a compound in- 
florescence rather than a simple flower. A good treatment of the anatomy 
and morphology of the inflorescence of Euphorbia is that by Dr. J. M. 
Haber, Ann. Bot. 39: 657-707. 1925. 


EXPLANATION OF TERMS 


The lower or ventral side of the stem is the side next to the ground in 
prostrate species. In species which are erect the morphologically upper 
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side can be recognized by the fact that when the leaves are inequilateral 
the long side of the leaf is on the upper side of the stem if the plane of the 
leaf is turned at right angles to the stem axis rather than parallel to it as 
it often lies. If the leaves are equilateral the stem rarely has differentiated 
sides. It is important in some cases to recognize the upper (dorsal) and the 
lower (ventral) sides of the stem as the stipules on one side may be united 
and those on the other distinct. The stipules on the lower side of the stem 
are more often united than those on the upper side and those toward the 
apex than those below. Normally there are four glands. These are borne 
on stipes. The glands lying next to the sinus are often larger and are here 
called the proximal glands when necessary to distinguish them from the 
other two or distal glands which are often smaller. The fifth gland is the 
rudiment of the gland which would make the involucre symmetrical. The 
lobes are the processes alternating with the glands. The sinus is the interval 
in the involucre which the fifth gland partially occupies. It is said to be 
depressed if its lower edge is below the lower edge of the interval between 
the lobes and glands. The staminate pedicels, here called andropeds, are 
in five groups here called fascicles. As each androped bears only a single 
stamen the two are equal in number. Each fascicle is opposite one of the 
lobes and consists of a double row of andropeds. There is a row of brac- 
teoles on either side of the fascicle. Primitively there is a bracteole for each 
androped. The number of andropeds in some cases is, by reduction, fewer 
than the number of bracteoles. Usually, however, the bracteoles are 
fewer. In the process of reduction the bracteoles first unite below into a 
membranous partition, one on either side of each fascicle. Then adjacent 
partitions unite and form a single partition between adjacent fascicles. 
This partition (bracteolar appendage) is radial to the involucre and is usually 
united to it at the outer edge. The andropeds never unite and abortive 
ones do not seem to occur except perhaps pathologically. The pistillate 
pedicel, here termed gynoped, is usually exserted at maturity and reflexed 
into the sinus. The seeds are said to be guadrangular when they have four 
distinct faces here called facets. The back of the seed is opposite the raphe. 
The radial direction in the seed is the direction in which a radius of the 
capsule would traverse the seed, i.e., from the raphe to the back at right 
angles to the longitudinal axis. The tangential direction is at right angles 
to, and in the same plane as, the radial direction. In some cases the facets 
have transverse ridges which are said to include the angles, meaning that 
the ridges pass through the angles so that the angles have hills and valleys 
in silhouette. Deposited on the testa of the seed is a coat gelatinous when 
wet and chalky white when dry. The coat, when sufficiently thick, obscures 
the usually brown color of the underlying testa. 
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USEFUL CHARACTERS 


The standard characters of annual or perennial duration and rough or 
ooth seeds are poor for the separation of the species. Nearly all the 


species in the section Anisophyllum bloom the first year. In the same 
species seeds may vary from quite smooth to at least rugulose. The pres- 
ence or absence of the appendages (of the glands) must be used with 
great discretion for though it is constant with some species, it is extremely 
variable in most. The shape of the glands and seeds, the number of an- 
dropeds, the presence or absence of the fifth gland, the extent of the sinus 
depression, and the type of stipules and hairs are useful characters for 
specific segregation. 


KEY TO SPECIES 

. Glands discoid (circular) or radially elongate, without appendages (or with nar- 
row appendages in Euphorbia ocellata var. Rattanii)......... 0.00.06 .00 0005. 2 
Glands transversely (tangentially) elongate, rarely totally without appendages. 6 
Andropeds (staminate pedicels each bearing one stamen) more than 10; upper 
6k.» ciao anna was dese Cabo yw ne anak Mis 5 nol mwal 3 
Andropeds fewer than 10; plants somewhat (at least the stipules) pubescent 
and the upper (dorsal) stipules united, or plants glabrous and stems viscid and 
ee ANS aie ove cisvudpe de sbulesdebpeduess couget 5 
Glands radially elongate; seeds smoothly rounded on back, face nearly flat 
2 eG RED oxy > eo 6 EE haar bi 0 bre Ae RREP ak oN hy woah Paes Sele 2. E. eremica 
. Glands strictly discoid; seeds quadrangular or ovoid....................... 4 
Seeds quadrangular, ca. } longer than thick; leaves mostly less than 4 mm. long 
vee dah diene wha eae 62 ME ae oS ok 0s 0nd ee see 9 753 eee 
Seeds ovoid, or, if somewhat quadrangular, not more than } longer than thick; 
DS) ee er 1. E. ocellata 
Upper stipules united, pubescent; stems not viscid; seeds quadrangular..... . 

: oh dab tad 6 Sk ne hey bee eeeEhs Le dae 044i +0 06 aah 13. E. micromera 
. Upper stipules distinct, glabrous; stems viscid, with adhering sand grains; seeds 


Stipules distinct or at least not united to form a white membranous scale... ... 7 
Stipules united into a white, glabrous, membranous scale.................. 25 
te ws slag dc ch WW Es Aes Ua o-oN bus s.ecineee owe IE 8 
i ols 0s Ln an iis wile endo indie o4 «mere wee Xs 12 
Appendages narrower than the glands or wanting; sinus slightly or not at all de- 
pressed; hairs microscopically rugulose. .................... cee eeeececeees 9 
Appendages 3-4 times as wide as the glands; sinus depressed halfway to base of 
the involucre; hairs microscopically smooth..................520000 00 e0e 11 
Glands subcircular; seeds smooth.......................4-. 13. E. micromera 
Glands markedly tangentially elongate; seeds wrinkled or ridged... ........10 
. Seed facets with white farinose transverse ridges which include the angles... .. . 

hat ais OM ee pee bik hie Divan 6 wile Kpemenhee ces eRe eee bs «a8 12. E. laredana 
. Seed facets with slight transverse wrinkles which do not include the angles... . 
SAE Cand Rabinice's MS EEs 6 ohte ates Rees > Une s dT cc aceses 11. E. petrina 
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12a. 
12b. 
13a. 
13b. 
14a. 
14b. 


15a. 


15b. 


16a. 
16b. 


17a. 
17b. 
18a. 
18b. 
19a. 
19b. 
20a. 
20b. 
21a. 
21b. 
22a. 
22b. 
23a. 
23b. 
24a. 
24b. 


25a. 
25b. 
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Appendages deeply 3-4 parted into attenuate segments; annual; hairs tapering 


PP ee eee nl ener ae ERR 10. E. setiloba 
Herbage glabrous or with short, straight, spreading hairs.................. 13 
Herbage variously clothed with appressed, long and weak, or matted hairs. ..17 
Seed facets with tranverse ridges including the angles..................... 14 
Seed facets smooth or with faint wrinkles not including the angles.......... 15 


Involucres ca. 1 mm. in diam.; stems filiform (0.2—-0.3 mm. diam.). .7. E. Brandegei 
Involucres ca. 1.5 mm. in diam.; stems stouter (0.5 mm. diam. and thicker)... 
oases no b's bwimd-ens 6k aeRO CUDA em la ks, ok ae 8. E. bartolomaei 
Seeds 1.75 mm. long or longer; herbage glabrous except stipules rarely hairy. . 
0 5b 0d bd welts 0 owe ed sale ops WES ehdlsieds OSU beeen 22. E. Fendleri 
Seeds less than 1.75 mm. long; herbage glabrous to pubescent but stipules hairy, 
or if glabrous, leaves conspicuously dimorphic.................-..000s005: 16 
Angles of seeds prominent; perennial; general................. 5. E. polycarpa 
Angles of seeds not elevated above facets; annual; west central Lower California 
a ccnnwéep 2s agidein nme pod baie’ detainees clean sae 6. E. Pondii 
Seeds cylindrical, encircled by 4-5 rounded ridges........... 21. E. pediculifera 
Seods quacremebat, «0's ss -s cvnncc dd oWhes boc ss 0bsecess sg emaeeeeeeae 18 
Seeds 2 mm. long or longer; leaves ovate-deltoid-falcate, or ovate-lanceolate to 
lanceolate and homn-OcemnGG soo csc cess cece ce ccecsccctbbubs thueeeeene 19 
Seeds less than 2 mm. long; leaves not as above....... 2... 0.000000 0 ee eees 20 
Leaves with a slender tapering point; at least the young stems villous. . /5. Z.acuta 
Leaves blunt; herbage with short appressed hairs throughout....... 14. E. lata 
Leaves of two distinct sizes and shapes; involucres congested into glomerules 
Er Pee eee 16. E. peninsularis 
Leaves of similar size and shape throughout; involucres not borne in glomerules 
though somewhat congested in E. apicata..... 0... .. 66. ccc eee ee eee eee 21 
Appendages wider than the glands and with short spreading hairs below and on 
Siew WGN aids dn dians go 50040 kn'ns +0 alae aces 5s Gee 20. E. vallis-mortae 
Appendages wide to absent, glabrous or rarely with a few hairs beneath next to 
COS ME. «ois 00 56 eck de eesin keds s weeds os. 0 ss 6 50k 22 
Seeds with a very short inflexed apical mucro; involucres congested toward the 
eR. o\. owe eS an og 0c bie Oba vane ne le tbeponntueee 17. E. apicata 
Seeds not mucronate; involucres scattered and not congested............. oy 
Seed facets smooth or at least not with transverse ridges including the angles. .24 
Seed facets with transverse ridges which include the angles ....7. E. Brandegei 
Appendages usually conspicuous; styles not clavate; involucres open-campanu- 
BOER. . cde sk sasesnepene ves 5 és4 ge aee> usec ree 18. E. melanadenia 
Appendages absent or very narrow; styles clavate; involucres turbinate....... 
ones cuban on 6 66 We ue 606s hal ee Olea hue dee (c.sin tee 19. E. cinerascens 
Andropeds more than 12; involucres 1.5—-2 mm. in diameter. .23. E. albomarginata 
Andropeds fewer than 8; involucres ca. 1 mm. in diameter....... 24. E. serpens 


TREATMENT OF SPECIES 


. EUPHORBIA OCELLATA Durand & Hilgard, Jour. Nat. Acad. Sci. ser. 2, 


pt. 3:46. 1855. Chamaesyce ocellata (Dur. & Hilg.) Millsp., Field Mus. 
Pub. Bot. 2:410. 1916. 


Prostrate annual from a taproot; stems to 20 cm. long, often to 1.5 mm. 


diam., slightly longitudinally wrinkled, glabrous or pubescent, internodes 1-3 
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cm. long; leaves glabrous or pubescent, blades entire, ovate-deltoid-falcate, 
4-10 mm. long, apex blunt or mucronulate, base oblique, midrib elevated 
beneath and lateral veins prominent, margin revolute; or broadly lanceolate, 
7-15 mm. long, acuminate, base obtuse and only slightly oblique, midrib not 
elevated below and lateral veins mostly obscure, margin plane; petioles 1.5-2 
mm. long, amplexicaul on lower side of stem; stipules distinct or lower slightly 
united at the base toward the stem tips, filiform or broader, entire or parted, 
glabrous or pubescent, 1-1.3 mm. long; peduncles stout, 2-4 mm. long, 
glabrous or pubescent; involucres solitary in the axils, turbinate to campan- 
ulate, 1.5—2 mm. diam., five-lobed especially in late season, glabrous or pubes- 
cent without, pubescent above within; lobes broadly deltoid, pubescent on 
inner side or both sides and opaque throughout or glabrous and hyaline above, 
variously toothed or nearly entire, equaling the glands; glands discoid or 
slightly radially elongate, 0.5—-0.75 mm. diam., yellowish or reddish, on short 
stout stipes which are glabrous or pubescent without and pubescent within; 
fifth gland linear, equaling the glands; glands exappendiculate or rarely with 
narrow white appendages; bracteoles nearly equaling the glands, in 5 groups 
opposite the glands, more or less united below- and adnate to the involucre, 
ca. 5-10 per group, tips heavily or sparsely beset with short stout hairs; andro- 
peds 8-13 per fascicle, 40-60 per involucre, 1.75—2 mm. long, glabrous, barely 
equaling or mostly shorter than the glands; gynoped glabrous or with short 
hairs above, long-exserted and usually reflexed at maturity; ovary three-angled, 
glabrous or pubescent; style ca. 0.5 mm. long, parted to the middle, glabrous 
throughout or pubescent below, divisions terete; capsules strongly three-lobed, 
ca. 2.5 mm. diam. and 2 mm. long, glabrous or with short spreading hairs, 
carpels rounded on the back and mostly with a very low channeled ridge on 
the back; seeds ovoid, with lateral angles barely visible or wanting, or turgidly 
quadrangular and ovate-acute radially, 0.9-1 mm. diam., 1.3-1.5 mm. long, 
smooth to rugose, white with a microreticulate coat, gelatinous when moist- 
ened; capsule axis breaking in the middle upon dehiscence of the capsule. 


KEY TO VARIETIES 
Herbage glabrous 
Leaves ovate-lanceolate, not at all or very slightly falcate, acuminate, usually 


without evident lateral veins; seeds always smooth........ ic. var. arenicola 
Leaves ovate-deltoid-falcate, blunt or mucronulate, lateral veins evident below; 
seeds often rugulose or rugose..... ... la. var. typica 


eo on hak aera ws vein «eo phitels dbine oN esbnae ib. var. Rattanii 
la. Euphorbia ocellata Dur. & Hilg. var. typica Wheeler n. nom. Chamaesyce 
sulfurea Millsp., Field Mus. Pub. Bot. 2:405. 1916. 


Glabrous except within the involucre; leaves ovate-deltoid-falcate, 4-10 
mm. long, apex blunt or mucronulate, base oblique, midrib conspicuous, 
elevated, lateral veins evident, margin revolute; glands exappendiculate; 
seeds smooth to rugose, back and lateral angles visible. 
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Type locality: Poso (‘‘Posé’’) Creek, Kern Co., Calif. Distribution: 
Cismontane California. Representative specimens seen: CALIFORNIA: Big 
Chico Creek east of Chico, Butte Co., Heller 11140 (F, type of Chamaesyce 
sulphurea Millsp., G, D, C); Auburn, Placer Co., Ames in 1894 (G); 
Pardee Dam, Calaveras Co., Howell 8168 (F, G, CA, SB); Chinese Camp 
Station, Tuolumne Co., Keck 1347 (CA, W); Agua Fria, Mariposa Co., 
Congdon in 1899 (C); Stockton, San Joaquin Co., K. Brandegee in 1907 
(C); 4 mi. E Corral Hollow, Mt. Diablo, Contra Costa Co., Brewer 853 
(C, G); 6 mi. N Pinnacles P. O., San Benito Co., Howell 8043 (P, CA, C); 
Alcalde, Fresno Co., Eastwood 13560 (CA); Tulare, Tulare Co., Michener 
& Bioletti in 1893 (C); 10 mi. from Jolon on road to Bradley, Monterey 
Co., Howell 6540 (CA, C); San Miguel, San Luis Obispo Co., K. Brandegee 
in 1912 (C); 10 mi. E Bakersfield, Kern Co., Ferris & Duncan 2207 (D, 
CA); San Bernardino, San Bernardino Co., Parish 3821 (G, CA, C). 


ib. EUpPHORBIA OCELLATA Dur. & Hilg. var. Rattan (Wats.) Wheeler, Bull. 

So. Cal. Acad. Sci. 33: 107. 1934. E. Rattanit Wats., Proc. Am. Acad. 

Sci. 20: 372. 1885. Chamaesyce Rattanii (Wats.) Millsp., Field Mus. Pub. 

Bot. 2: 411. 1916. 

Like variety typica but the herbage beset throughout with short stout 
hairs; upper half of the gynoped, the ovary, and styles pubescent in like 
manner; glands often with very narrow white appendages; seeds turgidly quad- 
rangular, ovate-acute radially. 


Type locality: Stony Creek, Glenn Co., Calif. (As Colusa Co. included 
Glenn Co. at the time of Rattan’s collection, Watson’s placing of Stony 
Creek in Colusa Co. was correct at the time the species was published.) 
Distribution: the lower Stony Creek drainage, Glenn Co. Specimens 
seen: CALIFORNIA: Glenn Co.: 6 mi. E Newville, Heller 11555 (G, F, C, 
D, CA); Stony Creek, 2 mi. N Orland, Wheeler 4041 in 1935 (P, UCLA, 
Peir, W). 


lc. EuUPHORBIA OCELLATA Dur. & Hilg. var. ARENICOLA (Parish) Jepson, Man. 
Fl. Pls. Calif., 600. 1925. E. cuspidata Engelm. ex Parish, Erythea 7: 93. 
1899, in synonomy, not E. cuspidata Bertol. E. arenicola Parish, Erythea 
7: 93. 1899. Chamaesyce arenicola (Parish) Millsp., Field Mus. Pub. Bot. 
2: 408. 1916. 
Leaves ovate-lanceolate, acute, to 15 mm. long, base slightly oblique, 
midrib straightish, not elevated below, lateral veins mostly obscure; seeds 
strictly ovoid or the back and lateral angles slightly evident, very smooth. 


Type locality: Camp Cady, Mohave Desert, San Bernardino Co., 
Calif. Distribution: Eastern Mohave Desert, Calif., Nevada, and north- 
western Arizona. Specimens seen: CALIFORNIA: San Bernardino Co.: 
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Mohave Desert: Hinkley, Ferris 1334 (D); Camp Cady (Sink of the Mo- 
have River on some labels), S. B. & W. F. Parish 1370 (C, F, G, D type); 
Desert Wells, southeastern Calif., Purpus 5689 in part (C); Cronise Valley, 
Munz 12003 (P); Soda Lake, Parish 10375 (C, F), Cooper, no date (G). 
Nevapa: Co.?: Carson Desert, Watson 1077 (G); no loc., Lemmon in 1875 
(G). Wadsworth, Washoe Co., Kennedy 918 (C, D), Rubber 945 (C), 
Hillman, no date (P); Palisade, Eureka Co., Jones in 1881 (P). ArIzONA: 
Co.? no loc. nor date, Lemmon & wife 37 (F). Virgin River, Mohave Co., 
Purpus 6187 (C). 


2. EUPHORBIA EREMICA Jepson, Man. FI. Pls. Calif., 600. 1925. 


Annual; stems prostrate, 1-1.5 mm. thick, slightly longitudinally wrinkled, 
10-20 cm. long, very slightly glutinous, glabrous, internodes 1-3 cm. long; 
leaves yellowish-green, glabrous, margin entire, blades oblong, often mucro- 
nate, 5-10 mm. long, base slightly oblique, midrib evident, petioles 1.5—2.5 mm. 
long; stipules glabrous, 1.5—2 mm. long, with two or three divisions, distinct, 
or united below toward stem apex; peduncles slightly angled, as much as 5 
mm. long, glabrous; involucres solitary in thé axils, glabrous without, gla- 
brous within except for a tuft of short hairs below each gland and a small 
fringe at the base of each lobe, turbinate, 1.5-1.75 mm. in diam.; lobes equal- 
ing the glands, glabrous except within below, deltoid-truncate, apex entire or 
slightly bifid; glands mostly slightly radially elongate, 1 mm. wide, facing 
obliquely outward, sessile, outer margin sometimes produced into two short 
rounded lobes, i.e., emarginate, margin lighter color than the brownish inner 
portion but not differentiated into an appendage; fifth gland subulate, half 
as long as the lobes, glabrous, sinus U-shaped, slightly depressed; bracteoles 
1—1.5 mm. long, distinct, with a few short hairs above, forming a fringe of 20- 
25 bracteoles around the outside of each fascicle of andropeds, not adnate to 
the involucre; andropeds mostly 10 per fascicle, 50 per involucre, glabrous, 2 
mm. long, exserted; gynoped glabrous, long-exserted and reflexed at maturity, 
slightly angled; ovary glabrous, scarcely lobed, carpels evidently channeled 
on back; styles stout, parted to the base, 0.5 mm. long; capsule rotund-ovoid, 
slightly three-lobed, ca. 4 mm. long, glabrous, carpels slightly ridged on back; 
seeds white, microreticulate, 3 mm. long, 1 mm. radially, 1.75 mm. tangen- 
tially, oblong radially, base truncate obliquely inward, apex with an inflexed 
mucro, back rounded, smooth, face with two smooth, flat, nearly approximate, 
slightly depressed facets separated by the elevated raphe; capsule axis per- 
sistent. 


Type locality: Coachella Valley (‘“‘Conchilla Desert’’), Riverside Co., 
Calif. “Euphorbia eremica was collected in the Conchilla Desert between 
Thousand Palms Cafion and Palm Springs, but much nearer the former 
place,”’ fide Jepson in litt. Known only from the type collection of a single 
plant. Specimen seen: CALIFORNIA: Riverside Co.: Coachella Valley 
(“Conchilla Desert’’) at ca. 200 ft., Jepson 6074 in May 1914 (Jepson herb.). 
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3. EUPHORBIA INCERTA T. S. Brandegee, Proc. Cal. Acad. Sci. II 3: 171. 
1893. Chamaesyce incerta (Brandegee) Millsp., Field Mus. Pub. Bot. 2:409. 
1916. 


Perennial from a stout taproot, herbage glabrous, yellowish-green; branch- 
ing from the base, forming tufts ca. 20 cm. high and as broad, or mats up to 
60 cm. across; stems as much as 3 mm. thick, glutinous as evidenced by ad- 
hering sand grains, internodes from 5 cm. long below to 5 mm. long above; 
leaves long-oblong, 5-10 mm. long, entire, midrib evident, base slightly ob- 
lique, base inclined to be involute on drying, petioles 1.5-2.5 mm. long; 
stipules glabrous, ventral united, bifid, broadly linear, ca. 1.5 mm. long, 
dorsal distinct, ca. 1.5 mm. long, half as wide, 4-5 parted at the apex; pe- 
duncles stout, glabrous, as much as 2.5 mm. long; involucres solitary in the 
axils, short turbinate, 1.5 mm. in diam., glabrous without, sparsely beset with 
short hairs above within; lobes deltoid, equaling or slightly exceeding glands, 
entire, with a few short hairs on inner face; glands discoid or some of the prox- 
imal somewhat tangentially elongate, 0.5 mm. or less diam., on short stipes 
which have a few short hairs on the inner face; appendages wanting; fifth 
gland subulate, entire, equaling the lobes, with a few short hairs on inner 
face, sinus slightly depressed, broadly V-shaped; bracteoles united for ca. 
one-third their length into a membranous sheath around the outside of the 
androped fascicle, linear above, ca. 1.5 mm. long, with a few short hairs, a 
few of the bracteoles united for nearly their whole length to the involucre 
opposite the glands; andropeds 1 or rarely 2 per fascicle, 5 or 6 per involucre, 
stout, glabrous, ca. 1.75 mm. long, included; gynoped glabrous, long-exserted 
at maturity, ovary glabrous, 3-lcbed; styles ca. 0.3 mm. long, bifid to middle, 
very stout; capsule glabrous, strongly 3-lobed, 2.5 mm. long, 3 mm. diam.; 
seeds spherical-ovoid, 1.75 mm. long, 1.5 mm. diam., face very slightly flat- 
tened, apex often mucronulate, coat white, microreticulate, the brown testa 
sometimes showing through in spots making the seed mottled in appearance; 
capsule axis persistent. 


Type locality: La Paz, Lower California. Distribution: Sinaloa, south- 
ern Lower Calif., and near-by islands. Specimens seen: MExico: Sinaloa: 
Mazatlan, Rose, Standley & Russel 14012 (F), T. S. Brandegee in 1893 
(C). Lower CALrFornIA: San Francisco Island, Johnston 3944 (C, CA); 
La Paz, T. S. Brandegee in 1890 (C, type), Johnston 4010 (C, CA). Maria 
Magdalena, Tres Marias Islands, Mason 1800 (CA). Socorro Island, 
Revillagigedo Islands, Anthony 399 (C). 


4. EupHorBiA Parisui Greene, Bull. Cal. Acad. Sci. 2:56. 1886. Chamaesyce 
Parishii (Greene) Millsp., in Parish in Carn. Inst. Wash. Pub. 193: 6. 
1913. Euphorbia patellifera J. T. Howell, Leafl. West. Bot. 1: 53. 1933. 


Perennial, forming prostrate mats 20-50 cm. across, or a low bush 15-20 
cm. high; stems slightly woody below in age, slender, glabrous, internodes 
5-15 mm. long; leaves mostly ovate, 2-4 mm. long, entire, glabrous, or very 
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rarely tomentulose beneath, base oblique, apex mucronulate, midrib evident 
at least in lower half of blade, petioles 0.5—1 mm. long, glabrous, amplexicaul 
on ventral side of stem; upper stipules distinct, mostly entire, ciliate, broadly 
linear, 1 mm. long, lower stipules often more or less united, ciliate, linear, 
1 mm. long; peduncles up to 1 mm. long, glabrous; involucres solitary in the 
axils, turbinate, 1-1.2 mm. diam, glabrous without, with many short hairs 
within above; lobes broadly deltoid, mostly dentate, ciliate on inner face, 
equaling the glands; glands discoid, ca. 0.5 mm. diam., pale yellow or reddish, 
on stipes ca. half as wide as the gland; stipes ciliate on inner side; appendages 
absent; fifth gland ciliate on inner side, linear, mostly shorter than the lobes, 
its sinus U-shaped, not depressed; bracteoles united for half their length, 
forming a membranous radial appendage ca. 1.3 mm. long, adnate for half its 
length to the involucre opposite each gland, glabrous below, ciliate above; 
andropeds 8-10 per fascicle, 40-50 per involucre, glabrous, ca. 1.5 mm. long, 
slightly exserted at maturity; gynoped glabrous, long-exserted and usually 
reflexed at maturity; ovary glabrous, three-angled; styles ca. 0.5 mm. long, 
bifid to the middle, glabrous; capsule glabrous, sharply three-angled, oblate- 
spheroid, ca. 1.75 mm. long; capsule axis persistent; seeds ca. 1.5 mm. long, 
ca. 0.75 mm, tangentially, ca. 0.65 mm. radially, quadrangular, long-ovate 
in radial outline, raphe straight, truncated above slightly, back sharply 
angled, facets faintly wrinkled, coat white, microreticulate. 


Type locality: Warm Springs, Mohave Desert, San Bernardino Co., 
California. Distribution: Deserts of California from Inyo Co. south to 
San Diego Co. Representative specimens seen: CALIFORNIA: Inyo Co.: 
Surprise Wash, Parish 10216 (C, F); Panamint Valley, Parish 10191 
(C, F); Furnace Creek, Death Valley, L. S. Rose 33421 (CA); Funeral 
Mts., Death Valley, Jones in 1907 (P, D). Kern Co.: Red Rock Canyon, 
Mohave Desert, Knapp in 1888 (C). San Bernardino Co.: Mohave Desert, 
Daggett, K. Brandegee in 1904 (C); Warm Springs, Parish 1384 (D, 
isotype of E. Parishii). Riverside Co.: Colorado Desert, Cottonwood 
Springs, Parish 10829 (D); Mecca, Parish 8113 (D). San Diego Co.: 
Palm Wash, western Colorado Desert, Howell 3488 (F, CA type of E. 
patellifera). 


5. EUPHORBIA POLYCARPA Bentham, Bot. Voy. Sulphur, 50. 1844. Chamaesyce 
polycarpa (Benth.) Millsp., Field Mus. Pub. Bot. 2: 411. 1916. 


Perennial from a taproot slender or up to 6 mm. diam., prostrate or erect, 
sometimes forming a low rounded bush as much as 25 cm. high; stems very 
slender throughout or as much as 4 mm. diam. at base, sometimes zigzag, 
glabrous or with short spreading hairs, internodes mostly 1—2 cm. long, often 
much shorter upward; leaves glabrous or more or less pubescent, blades 1-10 
mm. long, more or less oblique at base, orbicular to oblong-lanceolate, thin 
to thick, petioles clothed as the blades, up to 1 mm. long; lower stipules united, 
ca. 0.5 mm. long, deltoid or rounded, ciliate or glabrous, upper stipules dis- 
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tinct, narrowly deltoid, ca. 0.5 mm. long, ciliate or sometimes glabrous; 
peduncles to 2 mm. long, glabrous or with short spreading hairs; involucres 
solitary in the axils, distributed along the stem or more or less congested at 
the branch tips, campanulate, 1-1.5 mm. in diam., glabrous or with short 
spreading hairs without, glabrous within except immediately below the glands, 
lobes narrowly deltoid to deltoid-attenuate, equaling or slightly exceeding the 
glands, short hairy; glands maroon, transversely oblong, 0.5—0.75 mm. long; 
appendages up to three times as wide as the glands or rarely reduced to a 
white line beneath the glands in plants in very arid situations, as long as or 
longer than the gland, white or reddish, entire or crenate, glabrous or with 
a few short hairs below on inner portion; fifth gland absent, its sinus U-shaped 
and not depressed, or V-shaped and slightly depressed; bracteoles forming a 
radial appendage opposite each gland united to the involcure on lower half, 
linear, tapering upward, entire; or broader, with 2-5 divisions above, short 
hairy above; andropeds 1—1.25 mm. long, slightly exserted, 3-5 per fascicle, 
15-30 per involucre, glabrous or rarely short-hairy above; gynopeds glabrous 
or short-hairy above, exserted and reflexed at maturity; ovary glabrous or 
densely pubescent, three-lobed; style bifid, 0.3-0.5 mm. long, glabrous or 
short-hairy below, clavate or slender above; capsule sharply 3-angled, gla- 
brous or pubescent, spheroid, 1.1-1.3 mm. diam.; seeds quadrangular, 1—1.25 
mm. long, ovate in radial outline, 0.5 mm. radially and tangentially, apex 
acutish, base truncate or obtuse, angles sharp, back curved, raphe straight, 
micropylar area slightly truncated, facets smooth or slightly wrinkled, plane 
or concave, the back facets lower than the angles, i.e., slightly depressed, coat 
micro-reticulate, white, opaque, or so thin that the brown testa shows through. 


KEY TO VARIETIES 


Leaves not strikingly of two sizes. 
Leaves, except the smallest, oblong-lanceolate; suffrutescent..5c. var. carmenensis 
Leaves orbicular to ovate or oblong. 
Plants with short spreading hairs, and the appendages no wider than the 
SED.. + 9 00 05 ab 0.4.9 be nae abc benes Lass + anon 5b. var. hirtella 
Plants glabrous, or if hairy, the appendages wider than the glands 
Stems zigzag, not suffrutescent; leaves oblong-orbicular and mostly 5-10 
nt, Hs Fo i x nk pa ee ie Se. var. genuflexa 
Stems not zigzag, sometimes suffrutescent; leaves narrower and most of 
them shorter than above. , 
Suffrutescent, i.e. stems 2-3 mm. diam. below; low rounded bush 
5» vismeh on tikes asa'eilen oot Ae 5d. var. Johnstonii 
Herbaceous, i.e. stems to 1.5 mm. diam. below; prostrate or erect, 
not forming a dense bush.................... Sa. var. typica 
Leaves strikingly of two sizes; the larger pairs 5-10 mm. long on the main stem with 
long (2-3 cm.) internodes; the smaller mostly less than 5 mm. long, on short 
branchlets with short (3-5 mm. long) internodes. 
Smaller leaves elliptic-lanceolate, acute, in several pairs. ...... 5f. var. Mejamia 
Smaller leaves ovate or oblong in one or two pairs on the branchlets........... 
woopcccicce cowebsUtVeu ep uhh -ueepS pie eee say aN ene 5g. var. inlermixta 





408 BULLETIN OF THE TORREY CLUB [VOL. 63 


5a. Euphorbia polycarpa Benth. var. typica Wheeler n. nom. 

Prostrate or erect, sometimes slightly woody at the base in arid situations; 
stems very slender, to sometimes 1.5 mm. diam. at base, glabrous or with 
spreading hairs; leaves ovate to oblong, clothed as the stems, 2-5 mm. long; 
stipules ciliate, the lower united, narrowly deltoid, ca. 0.5 mm. long, the upper 
distinct, linear; involucres solitary in the axils, sometimes slightly congested 
toward the branch tips; appendages half as wide as, to three times as wide 
as, the glands; bracteolar appendages linear and entire or broader and 2-5 
parted above; gynoped and ovary and capsule glabrous or with short hairs. 


Type locality: Magdalena Bay, Lower California. Distribution: Cali- 
fornia, Nevada, Arizona, Lower California, Sonora. Representative speci- 
mens seen: CALIFORNIA: Inyo Co.: Furnace Creek, Death Valley, Parish 
10038 (C). San Bernardino Co.: Needles, Kusche in 1921 (P, CA, G); 
Fort Mohave, Cooper in 1860-61 (G). Ventura Co.: Ojai, Peckham in 
1866 (G); Point Mugu, Santa Monica Mts., Wheeler 494 (P, W), Hoffman 
in 1932 (SB). Los Angeles Co.: Garapito Creek, Santa Monica Mts., 
Ewan 4197 (P, C, CA); Pasadena, Grant 3855 (P, CA). Orange Co.: Tra- 
buco Canyon, Santa Ana Mts., Wolf 1859 (RS, C); 5 mi. S Laguna, Peirson 
4663 (Peir, W). Riverside Co.: Arlington, Johnston 1254 (P); Hayfields 
near Desert Center, Colorado Desert, Jones 24860 (CA, G, P). San Diego 
Co.: San Diego, T. S. Brandegee in 1902 (P, C, G); Yaqui Wells, Colorado 
Desert, Eastwood 2766 (CA, G). Nevapa: Searchlight, Clark Co., Parish 
10269 (C). Arizona: Quartzsite, Yuma Co., Jones 24878 (CA, P); Cila 
Bend, Maricopa Co., Wolf 2300 (CA, G); Sabino Canyon, Santa Catalina 
Mts., Pima Co., Thornber 220 (C, P). Lower CALIFORNIA: 29 mi. SW Tia 
Juana, Jones in 1925 (P); San Quentin Bay, Palmer 604 in 1889 (CA, 
F); Santa Rosalia, Jones 22618 in small part (P); Magdalena Bay, Hinds 
in 1841, fragment of type (F), Dr. Lung (?), no date nor number (C); Todos 
Santos, T. S. Brandegee in 1890 (F, C), Jones 24509 (UCLA); La Paz, 
Jones 24506 (P), Palmer 118 in 1890 (F, C), Rose 1309 (G); Espiritu 
Santo Island, Johnston 3991b (C, CA). Sonora: Hermosillo Jones 22736 
(P), Rose, Standley & Russell 12382 (F); San Pedro Bay, Craig 672 (P), 
Johnston 4325 (C, CA). 

This variety is composed of the residue which was not distinctly sepa- 
rable into the other varieties. In it are included the conspicuously append- 
aged plants of coastal southern California even when they have the 
pubescence of the narrow appendaged eremic var. hirtella. The narrow 
appendaged glabrous desert plants are also included. Habit in this variety 
varies from prostrate to erect even in plants growing together. The speci- 
mens from San Pedro Bay, Sonora, have the involucres produced into 
tubes by an insect sting. The specimens from Todos Santos, Lower Cali- 
fornia, are delicate and have the appendages conspicuously toothed. 
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Although I have seen a fragment of the type there is still some doubt 
as to the exact nature of the type due to the extremely small size of the 
fragment. The specimens from Santa Rosalia and Magdalena Bay (type 
loc.), Lower California, are peculiar in their very slender, even filiform, 
stems and their entire tapering bracteolar appendages. A study of the 
type and more specimens from the southwestern coast of Lower California 
might result in confining var. typica to this entity. 

Intergrades between var. typica and var. hirtella are listed under var. 
hirtella. Intermediate between var. typica and var. genuflexa is: Ceralbo Is- 
land, Lower California, Johnston 4022 (C, CA). Intergrading from var. 
typica to var. Johnstonii is: Mulege, Lower California, Johnston 3666 
(C, CA). Intermediate between var. typica and var. Mejamia is: Muertos 
Bay, Lower California, Craig 704 (P). 
5b. EUPHORBIA POLYCARPA Bentham var. HIRTELLA Boissier in DC., Prod. 

15*: 44. 1862. Chamaesyce polycarpa var. hirtella Millsp., in Parish in 

Carn. Inst. Wash. Pub. 193: 6. 1913. Chamaesyce tonsita Millsp., Field 

Mus. Pub. Bot. 2: 412. 1916. 

Like var. ¢ypica but with short spreading hairs throughout and appendages 
narrower than the glands. 

Type locality: ‘California,’ probably Colorado Desert, Calif. Distri- 
bution: Colorado Desert, California, and islands on northeastern coast of 
Lower California, and adjacent areas. Representative specimens seen: CALI- 
FORNIA: Co.?: Emory in 1846 (F, fragment of type). San Bernardino Co.: 
Needles, Parish 9608 (G); Pass 15 mi. from Amboy, Munz, Harwood, & 
Johnston 4179 (P). Riverside Co.: Palm Springs, Parish 4143 (C, G) 
Palm Canyon, Johnston in 1917 (P, C); Cottonwood Springs, Colorado 
Desert, Hitchcock 12213 (P). San Diego Co.: Dos Cabezas, Eggleston 
19800 (P). Imperial Co.: 20 mi. NE Ogilby, Munz & Hitchcock 12164 
(W, P, C); Signal Mt., Wolf 2177 (RS), Abrams 3187 (P, G). NEvaDA: 
Clark Co.: Bunkerville, Jones in 1894 (P). Arizona: Yuma Co.: Yuma, 
Jones in 1906 (P). Mexico: Lower California: Banded Agate Mt., NE 
Lower Calif., Fosberg 8351 (UCLA, D); Cedros Island, T. S. Brandegee in 
1897 (C); San Luis Gonzales Bay, Johnston 3330 (C, CA); San Esteban 
Island, Johnston 3169 (G, CA, C). Sonora: Willard’s Point, Tiburon 
Island, Johnston 4264 (C, CA); Tepoca Bay, Johnston 3307 (C, CA); 
Guaymas, Palmer 632 in 1887 (C, F). 

The specimens from Banded Agate Mt., northeastern Lower Califor- 
nia have very hairy andropeds. Some other collections from adjacent 
California have sparsely hairy andropeds. 

It us with great reluctance that I recognize this variety as distinct 
from var. typica. While it has definite geographical range with two centers, 
these areas are arid deserts and the development of short spreading hairs 
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seems to be an ecological character in response to aridity and it occurs in 
other closely related species, often without particular geographical corre- 
lation. I am aware that there is a considerable hiatus between the two areas 
of distribution but the plants from the two areas seem to differ in no essen- 
tial respect. 

The Cedros Island specimen is doubtfully referred here as the append- 
ages are markedly wider than the glands and the pubescence is rather long 
and weak. 

Intergrades between var. hirtella and var. typica, i.e. plants insuffi- 
ciently hairy to belong to var. hirtella proper, are represented by the fol- 
lowing collections: CALIFORNIA: 15 mi. N Baker, Mohave Desert, San 
Bernardino Co., Munz 12601 (P, C). Shaver Well, Colorado Desert, 
Riverside Co., Jones in 1924 (P), Hilend 362 (UCLA). Borrego Spring, 
San Diego Co., Jones in 1906 (P). 6 mi. N Laguna Dam, Imperial Co., 
Munz 11943 (P, C). Mexico: Tiburon Island, Sonora, Johnston 3262 
(C, CA). 
5e. Euphorbia polycarpa Bentham var. carmenensis (Rose) Wheeler n. comb. 

Euphorbia carmenensis Rose,Con. U.S. Nat. Herb. 1: 133. 1892. Chamaesyce 

carmenensis (Rose) Millsp., Field Mus. Pub. Bot. 2: 408. 1916. 

Taproot stout; glabrous throughout except on involucral lobes and 
bracteoles; stems rather rigid, straightish, slender; leaves oblong-lanceolate; 
stipules as in var. ¢ypica; appendages very narrow or rudimentary; bracteoles 
forming a single radial, entire, or rarely, divided, deltoid-attenuate appendage 
opposite each gland. 


Type locality: Carmen Island, Lower California. Distribution: Islands 
on the southeastern coast of Lower California. Specimens seen: LOWER 
CALIFORNIA: Carmen Island, Palmer 842 in 1890, type collection, (F, C); 
Santa Cruz Island, Johnston 3921 (C); San Diego Island, Johnston 3925 
(C). Many of the involucres are prolonged by the sting of a cedidomyid 
into tubular processes faintly resembling a diminutive Cuphea flower. 
This type of parasitism is, however, not confined to this variety of Euphor- 
bia polycarpa as it occurs in var. Mejamia and on the two above cited 
specimens of var. typica from San Pedro Bay, Sonora. Also indistinguish- 
able galls are on Euphorbia melanadenia from Tucson, Arizona. See com- 
ment under that name. 

A specimen intermediate in leaf shape and habit between var. carmen- 
ensis and var. typica is: The Isthmus, Espiritu Santo Island, Lower Cali- 
fornia, Johnston 3977 (C, CA). 
5d. Euphorbia polycarpa Bentham var. Johnstonii Wheeler n. var. 


Radix 5-7 mm. crassa; planta 15-25 cm. alta, suffrutescente; caulibus 
infra 2-3 mm. crassis; foliis ovato-cordatis aut oblongis, 3-5 mm. longis, 
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subglabris; stipulis pubescentibus, inferioribus connatis, obtusis, 0.3 mm. 
longis, superioribus plerumque distinctis; involucris leviter pubescentibus; ap- 
pendiculis quam glandulis angustioribus; appendiculis bracteolarum linearibus 
vel late linearibus, plerumque integris, supra dense pubescentibus. 


Type locality: Monserrate Island, Lower California. Distribution: 
Carmen Island and Monserrate Island off east central coast of Lower 
California. Specimens seen: Mexico: Lower California: Saltworks, Car- 
men Island, Johnston 4148 (C, CA); Ensenada Blanca, Monserrate Is- 
land, Johnston 3867 (CA, C type sheet #251907). This variety is named 
in honor of Dr. I. M. Johnston of Harvard University who collected the 
type. 

The specimen from Carmen Island has some of the involucres produced 
into galls. Intermediate in habit between var. Johnstonii and var. typica 
is: Tortuga Island, Lower California, Johnston 3594 (C, CA). The follow- 
ing specimen is anomalous in that it is suffrutescent as in var. Johnstonii 
but the involucres are congested towards the branch tips, and the upper 
leaves are reduced and apiculate as in var. Mejamia: San José Del Cabo, 
T. S. Brandegee in 1893 (C). I am aware that this is far removed from the 
range of var. Johnstoniti. 


5e. Euphorbia polycarpa Bentham var. genuflexa Wheeler n. var. 


Radix crassa; plantis cum anfractu caulium herbaceis, glabris; internodiis 
infra 1 cm. longis, supra gradatim brevioribus; foliis oblongo-orbicularibus, 
5-9 mm. longis, glabris; stipulis illis in var. ¢ypica similibus; involucris dis- 
persis, cum capillis paucis porrectisque extra; appendiculis conspicuis, glandu- 
larum latioribus; bracteolis linearibus, supra dense pubescentibus. 


Type locality: Miraflores, Lower California. Specimen seen: MExIco: 
Lower California: Miraflores, T. S. Brandegee 534 in 1890 (C, type sheet 
#110894). 

Intermediate between this variety and var. Mejamia is: San José Del 
Cabo, Lower California, T. S. Brandegee in 1887 (C). 


5f. Euphorbia polycarpa Bentham var. Mejamia Wheeler n. var. 

Caules plerumque glabri, per totum tenues, prostrati aut ascendentes; 
internodiis ramorum principium 2-4 cm. longis, lateralium ramorum saepe 
1-3 mm. longis; foliis plerumque glabris, duarum artium: prima 5-10 mm. 
longa, ovato-acuminata aut ovato-lanceolate aut late-oblanceolata, acuta, in 
ramis lateralibus cum internodiis brevibus; stipulis plerumque glabris, in- 
ferioribus connatis, superioribus distinctis; involucris plerumque terminalibus 
et solitariis; appendiculis multum latioribus quam glandulis; bracteolis an- 
guste, attenuatis, deltoideis, integris, supra pauce pubescentibus. 


Type locality: Todos Santos, Lower California. Distribution: southern 
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end of Lower California. Specimens seen: Mexico: Lower California: Mira- 
flores, Jones 24512 (P, UCLA); Todos Santos, Jones 24510 (P type sheet 
#152596, UCLA), Jones 24504 (P); Todos Santos-La Paz, T. S. Brandegee 
in 1890 (C); Coast, Cape Region, 7. S. Brandegee in 1893 (P, C); San 
Jose del Cabo, T. S. Brandegee in 1899 (C), in 1893 (P), Purpus 544 in 
1901 (C), Jones 27515 in part (W), 24027 (C, P), 24505 (P, UCLA). 

Long cylindrical insect-parasitized involucral galls occur on the type 
and some other specimens. 

An intergrade between this variety and var. typica is: Lower Califor- 
nia, without locality, Anthony 352 (C). Intermediate between this var. 
and var. genuflexa in habit and leaf shape is: San Felipe, Cape Region, 
Lower California, 7. S. Brandegee in 1893 (C). 


5g. Euphorbia polycarpa Bentham var. intermixta (Watson) Wheeler n. comb. 
Euphorbia intermixta S. Watson, Proc. Am. Acad. 24: 74. 1889. Chamaesyce 
intermixta (Wats.) Millsp., Field Mus. Pub. Bot. 2: 409. 1916. 


Plant glabrous; stems prostrate, internodes long on main branches; larger 
leaves 5-7 mm. long, ovate to oblong, apex obtuse, smaller leaves 2-5 mm. 
long, oblong or narrower, apex obtuse, in one or two pairs on the lateral 
branches; involucres borne at the bifurcations of the main stems and some- 
what congested on the short lateral branchlets; peduncles often up to 3 mm. 
long; appendages two to three times wider than glands; bracteolar appendages 
ca. 0.2 mm. broad, with several short slender hairy divisions above. 


Type locality: Guaymas, Sonora, Mexico. Distribution: Guaymas, 
Sonora, and San José del Cabo, Lower California. Specimens seen: MEx- 
1co: Sonora: Guaymas, Palmer 187 in part in 1887 (G, type). Lower 
California: San José del Cabo, T. S. Brandegee in 1893 (C). This variety 
may amount to nothing but the only alternative to recognition is to add 
another apparent entity to var. typica. The curious geographical distribu- 
tion also suggests that this may be a form occurring sporadically over a 
wide range. 

Intermediate between this var. and var. Mejamia in the differentiation 
of the inflorescence branches and the leaves on these branches is: Lower 
California: [San José del Cabo by inference] without loc., Grabendérfer 
in 1899 (C). Resembling var. intermixta in foliage and var. typica in the 
scattered involucres is: Santa Rosalia, Lower California, Jones 22618 (P). 
This same collection, but another sheet, was cited, in small part, under 
var. typica but that plant was very delicate in habit and quite unlike this 


6. EupHorBiA Ponpt Millsp., Con. U.S. Nat. Herb. 1: 12. 1890. Chamaesyce 
Pondii Millsp., Field Mus. Pub. Bot. 2: 411. 1916. Euphorbia guadalupensis 
J. T. Howell, Leafl. West. Bot. 1: 51. 1933. 
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Prostrate annual forming rosettes 5-10 cm. across; stems glabrous, often 
reddish; leaf blades to 5 mm. long, glabrous, broadly ovate, with midrib ap- 
parent for about half their length, base more or less oblique, cordate to 
cuneate, petioles one-half to one-third blade length, ciliate on margin at least 
below; stipules distinct, less than 1 mm. long, long-narrow-deltoid, margin 
ciliate; peduncles shorter than the involucres, glabrous to short pubescent; 
involucres solitary in the axils, campanulate, ca. 1 mm. in diam., glabrous 
to closely pubescent without, glabrous within; lobes deltoid to deltoid-atten- 
uate, ciliate on the margin, equaling or slightly exceeding the glands; glands 
transversely oblong or some of the distal nearly circular, to 0.5 mm. long; 
appendages mostly wanting but when present narrower than the gland, white, 
crenate; fifth gland a low hairy papilla; sinus slightly depressed; radial 
bracteolar appendages adnate to involucre below, narrow, ca. 0.5 mm. long, 
simple or with 2-3 narrow divisions above, with a few hairs; andropeds 11—15 
per involucre, ca. 0.75 mm. long, glabrous; gynoped glabrous to very shortly 
pubescent; ovary glabrous to finely pubescent; styles deeply parted, ca. 0.4 
mm. long; capsules glabrous, three-angled, 1.5 mm. long, oblate spheroid; seeds 
quadrangular but the angles not prominent, ovate radially, ca. 1.25 mm. long, 
facets somewhat convex, faintly wrinkled, coat white, microreticulate. 


Type locality: ‘‘Plaza Maria,” Lower California. Perhaps Santa Maria, 
San Sebastian Viscaino Bay region. Distribution: middle west coast and 
Guadalupe Island, Lower California. Specimens seen: Mrexico: Lower 
California: Plaza Maria, Lieut. C. F. Pond, 22 May 1889 (F, type); Guada- 
lupe Island: Palmer 883 in 1889 (F), 789 in 1889 (F), J. T. Howell 8331 
(CA, type of Euphorbia guadalupensis J. T. Howell). 

While it is difficult to distinguish this species from some forms of 
Euphorbia polycarpa var. typica it is kept as a separate species largely 
because of its different physiological character of strictly annual duration 
and limited size. There are differentiating morphological characters but 
they are mostly too relative to be distinctive. 


7. EUPHORBIA BRANDEGEI Millsp., Proc. Cal. Acad. Sci. II 2: 226. 1889. 
Chamaesyce Brandegeei Millsp., Field Mus. Pub. Bot. 2: 408. 1916. Eu- 
phorbia pediculifera var. minor Millsp., Proc. Cal. Acad. Sci. II 2: 227. 
1889. ; 


Prostrate annual; stems several from the base, up to 20 cm. long, but mostly 
shorter, filiform, i.e. ca. 0.2 mm. diam., some up to 0.5 mm. in diam. toward 
the base, with sparse short tomentum, partially glabrate, internodes mostly 
1-2 cm. long, those of the ultimate branchlets shorter but not congested; 
leaf blades 1.5—2.5 mm. long, orbicular to ovate, with sparse short tomentum, 
petioles 0.5—-0.75 mm. long, filiform, clothed as the blades; stipules rudimen- 
tary; peduncles slender, less than 1 mm. long, with slender slightly curly 
hairs; involucres solitary in the axils, clothed as the peduncles, open-campanu- 
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late, scarcely 1 mm. in diam.; lobes deltoid-attenuate, equaling the glands, 
hairy; glands transversely oblong, 0.3-0.5 mm. long, reddish; appendages 
white, glabrous, ca. 1.25 mm. long and ca. 0.75 mm. wide, margin bluntly 
and irregularly lobed; fifth gland a mere hairy apiculation; sinus narrow and 
little depressed; bracteoles forming a single radial appendage opposite each 
gland, with two or three divisions above, hairy above, shorter than the 
androped; andropeds ca. 12-15 per involucre, glabrous, ca. 1 mm. long, in- 
cluded; gynoped glabrous below, ovary with curly white hairs, styles very 
slender, parted to ca. the middle, glabrous, ca. 0.5 mm. long; capsule sparsely 
hairy, three-angled, ovoid, ca. 1.2 mm. long; seeds quadrangular, 1 mm. 
long, 0.5 mm. radially and tangentially, ovate-acute radially, base truncate, 
facets with low transverse ridges including the angles, coat white, micro- 
reticulate. 


Type locality: Santa Margarita Island, Magdalena Bay, Lower Cali- 
fornia. Distribution: Magdalena Bay, Lower California. Specimens seen: 
Mexico: Lower California, Santa Margarita Island, 7. S. Brandegee in 
1889, type collection of E. pediculifera var. minor (F, C); Magdalena 
Island, T. S. Brandegee in 1889, type collection of E. Brandegei (C, D). 

This species is distinguishable from Euphorbia bartolomaei by the more 
delicate habit, the more slender styles, and the smaller seeds. It has noth- 
ing to do with Euphorbia pediculifera. 


8. EUPHORBIA BARTOLOMAEI Greene, Pittonia 1: 290. 1889. Chamaesyce 
bartolomaei (Greene) Millsp., Field Mus. Pub. Bot. 2: 408. 1916. 


Prostrate annual; stems to 30 cm. long, few from the base, with short 
sparse spreading hairs, partially glabrate; leaf blades 2-5 mm. long, sparsely 
short-hairy, orbicular to ovate, base oblique, margin entire, petioles ca. 1 mm. 
long, sparsely hairy; lower stipules united, linear, ca. 0.5 mm. long, with 
erect hairs at the tip and few below, upper stipules distinct, ca. 0.5 mm. long, 
sparsely hairy; peduncles up to 1 mm. long, with few spreading hairs; in- 
volucres solitary in the axils but borne on short congested lateral branches, 
campanulate, ca. 1.5 mm. diam., with short spreading hairs without, glabrous 
within; lobes membranous, broadly subulate-obtuse, ciliate; glands trans- 
versely oblong, 0.3-0.5 mm. long, reddish; appendages glabrous, white, 1.5—2 
mm. long, 0.75-1 mm. wide, symmetrical, shallowly two- or three-blunt- 
toothed or lobed; fifth gland nearly absent, hairy; sinus very narrow and not 
depressed; bracteoles forming, opposite each gland, a single radial appendage 
ca. two-thirds as long as the andropeds, one-third as wide as long, or much 
narrower, membranous, two-to-many parted above, the divisions hairy above; 
andropeds included, glabrous or rarely with one or two hairs above, 1.1—1.4 
mm. long, 3-4 per fascicle, 15-20 per involucre; gynopeds with spreading 
hairs except on the lower portion, exserted and reflexed at maturity; ovary 
white hairy, roundly three-lobed; styles ca. 0.3 mm. long, parted nearly to 
the base, very short hairy except on the stigmatic surface, stigma clavate; 
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capsule sharply angled, ca. 1.4 mm. long, with short sparse spreading hairs; 
seeds quadrangular, ca. 1.3 mm. long, ca. 0.8 mm. tangentially and radially, 
ovate subacute radially, base truncate, facets with low irregular transverse 
wrinkles including the angles especially toward the apex, coat whitish, micro- 
reticulate. 


Type locality: San Bartolomé Bay, W central coast, Lower California. 
Distribution: W central coast, Lower California. Specimens seen: San 
Bartolomé Bay, Lieut. Pond in 1889 (F, fragment of type); Natividad 
Island, T. S. Brandegee in 1897 (C), Magdalena Island, T. S. Brandegee in 
1889 (C). 

This very local species is suggestive of an intermediate between the 
smooth-haired Euphorbia setiloba-arizonica group and the microrugulose- 
haired polycarpa group proper. Some of the hairs on the bracteoles of the 
type are microscopically smooth. All the hairs on the Brandegee specimen 
from Natividad Island are microrugulose. 


9. EUPHORBIA ARIZONICA Engelm. in Torr., Bot. Mex. Bound., 186. 1859. 
Chamaesyce arizonica (Engelm.) Arthur, Torreya 11: 260. 1911. Euphorbia 
versicolor Greene, Bot. Gaz. 6: 184. 1881. Chamaesyce versicolor (Greene) 
Norton, Con. U.S. Nat. Herb. 25: 345. 1925. Euphorbia portulana S. Wats., 
Proc. Am. Acad. Sci. 24: 73. 1889. Chamaesyce portulana (Wats.) 
Millsp. Field Mus. Pub. Bot. 2: 411. 1916. Euphorbia purisimana [pub- 
lished with one “‘s’’] Millsp., Proc. Cal. Acad. Sci. II 2: 225. 1889. Cham- 
aesyce purissimana [combined with two s’s, a misspelling] Millsp., Field 
Mus. Pub. Bot. 2: 411. 1916. Euphorbia collina T. S. Brandegee, U. Calif. 
Pub. Bot. 4: 184. 1911. 


Perennial from a woody taproot, erect or prostrate, sometimes forming 
mats; stems up to 30 cm. long, slender, with fine, spreading, mostly clavate, 
microscopically smooth, hairs, internodes up to 2.5 cm. long, often much 
shortened towards the ends of the branches; leaves often reddish, 1-10 mm. 
long, deltoid-ovate, ovate, ovate-oblong with oblique base, or the upper very 
small and oval-cuneate, mostly with fine spreading hairs at least on the lower 
surface, margin entire, petioles up to 1.5 mm. long, clothed as the leaves; 
stipules minute and often not visible, lower united, upper distinct; peduncles 
filiform, with fine spreading hairs, 1-4 mm. long, mostly 1-2 mm. long; 
involucres solitary in the axils but often congested by the shortening of the 
upper internodes, long-turbinate, constricted above, ca. 1.5 mm. long, 0.8 
mm. diam., with sparse short spreading hairs without, glabrous within; lobes 
subulate, equaling the glands, entire, ciliate on the margins; glands 1.5-2 
times as long as wide, 0.3-0.4 mm. long, concave, red; appendages glabrous, 
oval, up to 1 mm. long, white but red in age; fifth gland absent, its sinus 
narrowly V-shaped and depressed halfway to base of the involucre; bracteoles 
reduced to one sparsely hairy filiform appendage adnate below to the in- 
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volucre opposite each gland, two-thirds as long as the involucre or shorter; 
andropeds 5-10 (or rarely 12), mostly 6-7, glabrous, equaling the glands, 

1.5 mm. long; gynoped glabrous, long-exserted and reflexed at maturity; 
ovary three-lobed, densely pubescent, styles parted to the middle, slender, 
glabrous, ca. 0.6 mm. long; capsule with spreading hairs, spheroid with flat- 
tened base, ca. 1.5 mm. long and diam., obtusely three-angled, axis persistent 
after dehiscence; seeds quadrangular, ca. 1.25 mm. long, base truncate, out- 

line narrowly ovate radially, raphe obliquely truncated by the micropylar 
region, facets with low, often anastamosing, ridges which slightly include the 
angles, white coat very thin, the brown testa showing through. 


Type locality: Sierra Yanos (‘Sierra del Yanno’’), Sonora. Distribu- | 
tion: California to Texas, Sonora and Lower California. Representative 
specimens seen: CALIFORNIA: Riverside Co.: Andreas Canyon, Palm 
Spring region, Peirson 4256 (Peir). San Diego Co.: Palm Canyon, Borrego 
Valley, Templeton 1632 (Los Angeles County Museum, P). ARIZONA: 
Mohave Co.: Yucca, Jones in 1884 (P). Coconino Co.: Grand Canyon, 
Lemmon in 1884 (F, D). Pinal Co.: Winkelman, Peebles, Harrison & 
Kearney 5181 (UCLA). Pima Co.: Sabifio Canyon, Santa Catalina Mts., 
Thornber 221 (D, P). Greenlee Co.: San Francisco Mts. near Clifton, 
Greene in 1880, type collection of Euphorbia versicolor Greene (F, G). 
New Mexico: Dofia Ana Co.: Petia Blanca, Wooton in 1903 (P). TEXxAs: 

El Paso Co.: El Paso, Jones in 1884 (P, D). Mexico: Lower California: 
Agua Verde Bay, Johnston 3878 (CA); Purisima, T. S. Brandegee in 1889, 

type collection of Euphorbia purisimana Millsp. (C). Sonora: Guaymas, 

Wm. Palmer 1225 (F), E. Palmer 321 in 1887, isotype of E. portulana 
Wats. (C), Rose, Standley & Russell 15010 (G,F); Sierra del Yanno, Schott 

in 1855, type collection of E. arizonica (G, F), (‘‘Arizona”’ on some copied 
labels at F). Durango: Cerra de San Ignacio, Purpus 4599 in 1910 (C, 
type of E. collina T. S. Brandegee). 

The specimen from Purisima, Lower California is atypical in the re- | 
duced appendages and less than average pubescence. The peculiar appear- 
ance of the plant is largely due to its dark color caused probably by slow 
drying. The Durango specimen is quite typical though far out of the 
usual range. 


(to be concluded) 
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INDEX TO AMERICAN BOTANICAL LITERATURE 
1931-1936 


The aim of this Index is to include all current botanical literature written 
by Americans, published in America, or based upon American material; the 
word America being used in the broadest sense. 

This Index is reprinted monthly on cards, and furnished in this form to 
subscribers at the rate of three cents for each card. Selections of cards are not 
permitted; each subscriber must take all cards published during the term of 
his subscription. Correspondence relating to the Index may be addressed to 
the Treasurer of the Torrey Club. 
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of Colombia. Ann. N. Y. Acad. Sci. 35: 101-208. pl. 1, 2. 
1 Ap 1936. 

Brodie, H. J. The barrage phenomenon in Lenzites betulina. 
Genetica 18: 61-73. pl. 1, 2. 1936. 

Brooks, M. Listera cordata (L.) R. Br. found in West Virginia. 
Jour. So. Appalachian Bot. Club 1: 15-17. F 1936. 

Brown, W. The physiology of host-parasite relations. Bot. Rev. 
2: 236-281. My 1936. 

Bryant, L. R. A study of the factors affecting the development 
of the embryo-sac and the embryo in the McIntosh apple. 
New Hampshire Agr. Exp. Sta. Tech. Bull. 61: 1-40. pl. J- 
6. My 1935. 

Buckman, S. J., & Rees, L.W. Moisture movement in conifer- 
ous wood below the fiber-saturation point. Minnesota Agr. 
Exp. Sta. Tech. Bull. 108: 1-19. f. 1-4. S 1935. 

Bullock, D. M. Atriplex semibaccata as influenced by certain 
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environmental conditions. Ecology 17: 263-269. f. 1, 2. 
Ap 1936. 

Burge, W. E., Wickwire, G. C. & Fuller, H. J. Daily variation 
in the sensitivity of Mimosa with special reference to the 
action of light. Bot. Gaz. 97: 672-677. f. 1, 2. 2 Ap 1936. 

Burkholder, P. R., & Pratt,R. Leaf-movementsof Mimosa pudica 
in relation to light. Am. Jour. Bot. 23: 46-52. f. 1-3. “Ja” 
26 Mr 1936. 

Burlingham, G. S. New or noteworthy species of Russula and 
Lactaria. Mycologia 28: 253-267. f. 1-8. 1 Je 1936. 
Cain, S. A. Ecological work on the Great Smoky Mountains 
region. Jour. So. Appalachian Bot. Club 1: 25-32. illust. 

Mr 1936. 

Camp, W. G. A method of cultivating myxomycete plasmodia. 
Bull. Torrey Club 63: 205-210. f. 1-5. 1 Ap 1936. 

Cash, E. K. Some Ascomycetes new to California. Mycologia 
28: 247-252. f. 1-5. 1 Je 1936. 

Chrysler, M. A., & Haenseler, C. M. A Cretaceous fungus: 
X ylomites Cycadeoideae. Am. Jour. Bot. 23: 33-36. f. 1-7. 
“Ja” 26 Mr 1936. 

Church, G. L. Cytological studies in the Gramineae. Am. Jour. 
Bot. 23: 12-15. f. 1-16. “Ja” 26 Mr 1936. 

Clayton, E. E. Water soaking of leaves in relation to develop- 
ment of the wildfire disease of tobacco. Jour. Agr. Res. 52: 
239-269. f. 1-9. 15 F 1936. 

Cleland, R. E. Peculiarities of chromosome and breeding be- 
havior in the evening primrose. Teaching Biol. 5: 119-127. 
Ap 1936. 

Cockerell, T. D. A. Tertiary floras. Science II. 83: 351-352. 
10 Ap 1936. 

Cockerell, T. D. A., & Andrews, D. M. A new golden rod from 
northern New Mexico. Torreya 36: 35-36. Mr-—Ap 1936. 

Collins, G. N., & Maxwell, L. R. Delayed killing of maize seed- 
lings with x-rays. Science II. 83: 375-376. 17 Ap 1936. 

Conard, H. S. Geographic distribution of mints. Am. Bot. 42: 
60-63. Ap 1936. 

Core, E. L. The American species of Scleria. Brittonia 2: 1-105. 
pl. 1-3. Mr 1936. 

Cory, V. L. Three junipers of western Texas. Rhodora 38: 182— 
187. My 1936. 

Costello, D. F. Tussock meadows in southeastern Wisconsin. 
Bot. Gaz. 97: 610-648. f. 1-9. 2 Ap 1936. 

Cummins, G. B. Phylogenetic significance of the pores in 

urediospores. Mycologia 28: 103-132. 1 Ap 1936. 
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Curtis, O. F. Transpiration and the cooling of leaves. Am. Jour. 
Bot. 23: 7-10. f. 1. “‘Ja’’ 26 Mr 1936. 

Cutak, L. Succulents and cacti. Gard. Chron. Am. 40: 113-114, 
129. Ap 1936. 

Dallimore, W. Cupressus lusitanica. Curt. Bot. Mag. 159: pl. 
9434. 29 F 1936. 

From Mexico and Guatemala. 

Danser, B. H. A new Papuan Didiscus. Brittonia 2: 135-136. 
pl. 1. My 1936. 

Botanical results of the Archbold expedition. No. 3. 

Danser, B. H. New Papuan Loranthaceae. Brittonia 2: 131- 
134. pl. 1. My 1936. 

Botanical results of the Archbold expedition. No. 2. 

Darrah, W.C. Antarctic fossil plants. Science II. 83: 390-391. 
24 Ap 1936. 

Daubenmire, R. F. The ‘big woods’’ of Minnesota: its struc- 
ture, and relation to climate, fire, and soils. Ecol. Monogr. 
6: 233-268. f. 1-6. Ap 1936. 

Dearness, J. Reliquiae Kauffmani. Mycologia 28: 209-213. 1 
Je 1936. 

Dermen, H. Aposporic parthenogenesis in a triploid apple, 
Malus hupehensis. Jour. Arnold Arbor. 17: 90-105. pl. 179- 
181. Ap 1936. 

Dermen, H. Fertilization in the Baldwin apple, a triploid va- 
riety. Jour. Arnold Arbor. 17: 106-108. Ap 1936. 

Dix, W. L. A new form of the cinnamon fern. Am. Fern Jour. 
26: 24-26. pl. 2. Ja—-Mr 1936. 

Dodge, B. O. Spermatia and nuclear migrations in Pleurage 
anserina. Mycologia 28: 284-291. f. 1, 2. 1 Je 1936. 
Dodge, C. W., & Moore, M. Morphology, physiology and cy- 
tology of Syringospora inexorabilis (Monilia inexorabilis). 
Ann. Missouri Bot. Gard. 23: 129-150. pl. 15, 16. 20 Mr 

1936. 

Drechsler, C. A new species of Stylopage preying on nematodes. 
Mycologia 28: 241-246. f. J. 1 Je 1936. 

Dufrenoy, J. Cellular immunity. Am. Jour. Bot. 23: 70-79. f. 1 
6. “Ja” 26 Mr 1936. 

Dunlap, A. A. Seedling culture in sand to prevent damping off. 
Phytopathology 26: 278-284. f. 1. Mr 1936. 

Eastwood, A. The shrubby Malvastrums of California with de- 
scriptions of new species and a key to the known species. 
Leafl. West. Bot. 1: 213-220. 24 Ap 1936. 

Evans, A. W., & Nichols, G. E. The liverwort flora of the upper 
Michigan penninsula. Bryologist 38: 81-91. S—O 1935. 
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Eves, D. S. A revision of the genus Axinaea (Melastomaceae). 
Bull. Torrey Club 63: 211-226. 1 Ap 1936. 

Exell, A. W. New Papuan species of Terminalia. Brittonia 2: 
137-138. My 1936. 

Botanical results of the Archbold expedition. No. 4. 

Faull, J. H. Two spruce-infecting rusts Chrysomyxa piperiana 
and Chrysomyxa chiogents. Jour. Arnold Arbor. 17: 109-114. 
Ap 1936. 

Fernald, M. L. Contributions from the Gray Herbarium of 
Harvard University. No. CXIII. Rhodora 38: 165-182. 
pl. 412-416. My 1936. 

Includes I. A new pondweed from Tennessee. II. Pilea in eastern North 
America. III. Memoranda on Ranunculus. IV. The nomenclature of Sassa- 
fras. V. Memoranda on Aruncus. 

Fernald, M. L. Virginia records needing verification. Claytonia 
2: 36-37. Ja 1936. 

Ferry, J. F. An analysis of the soil erosion problem as related 
toa study of plant ecology. Jour.So. Appalachian Bot. Club 
1: 20-21. F 1936. 

Finch, A. H., & VanHorn, C. V. The moisture relations of pecan 
leaves. Science II. 83: 260. 13 Mr 1936. 

Florell, V. H. Chromosome differences in a wheat-rye amphidi- 
ploid. Jour. Agr. Res. 52: 199-204. f. 1, 2. 1 F 1936. 
Flory, W. S. Chromosome numbers and phylogeny in the 
gymnosperms. Jour. Arno!d Arbor. 17: 83-89. f. 1, 2. Ap 

1936. 

Fowler, M. E. Fasciation of Betula pendula dalecarlica. Phyto- 
pathology 26: 390-391. f. 1, 2. Ap 1936. 

Gilbert, F. A. Notes on some plants of southern West Virginia. 
Jour. So. Appalachian Bot. Club. 1: 22-23. F 1936. 

Gleason, H. A., & Panshin, A. J. Swietenia Krukovii: a new 
species of mahogany from Brazil. Am. Jour. Bot. 23: 21- 
26. f. 1-3. “Ja’’ 26 Mr 1936. 

Gould, C. Some Polyporaceae of southern West Virginia. Jour. 
So. Appalachian Bot. Club. 1: 3-6. Ja 1936. 

Guba, E. F. Resistance to Cladosporium fuluum. Phytopathol- 
ogy 26: 382-386. Ap 1936. 

Hemenway, A. F., & Allen, M. J. A study of the pubescence 
of cacti. Am. Jour. Bot. 23: 139-144. pl. 1, 2. ““F’’ 23 Ap 
1936. 

Henderson, L. F. New clovers from the northwest. Madrono 3: 
230-231. Ap 1936. 

Hesler, L. R. Notes on southern Appalachian fungi. Jour, Ten- 
nessee Acad. Sci. 11: 107-122. f. 1-7. Ap 1936, 
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Hitchcock, A. S. Papuan grasses collected by L. J. Brass. Brit- 
tonia 2: 107-130. My 1936. 

Botanical results of the Archbold expedition. No. 1. 

Hoggan, I. A., & Johnson, J. Behavior of the ordinary tobacco 
mosaic virus in the soil. Jour. Agr. Res. 52: 271-294. 15 F 
1936. 

Hollinshead, M. H. Trailing the dogwood. Torreya 36: 37—40. 
Mr-—Ap 1936. 

Holton, C. S. Origin and production of morphologic and patho- 
genic strains of the oat smut fungi by mutation and hy- 
bridization. Jour. Agr. Res. 52: 311-317. f. J. 15 F 1936. 

Honey, E. E. North American species of Monilinia. I. Occur- 
rence grouping and life-histories. Am. Jour. Bot. 23: 100— 
106. f. 1-4. “F”’ 23 Ap 1936. 

Hoover, R. F. Notes on California grasses. Madrono 3: 227- 
230. Ap 1936. 

Horton, E. S. Studies in the cytology of wheat and of a wheat 
species hybrid. Am. Jour. Bot. 23: 121-128. pl. 1+f. 1-7. 
“F”’ 23 Ap 1936. 

Howell, J. T. Two new California plants. Leafl. West. Bot. 1: 
221-222. 24 Ap 1936. 

Phacelia ciliata var. opaca and Dowingia mirabilis. 

Hurd-Karrer, A. M. Inhibition of arsenic injury to plants by 
phosphorus. Jour. Washington Acad. Sci. 26: 180-181. 15 
Ap 1936. 

Jackson, J. R. Syngamy in Ptleris longifolia. Am. Jour. Bot. 
23: 162-166. ‘“‘F’’ 23 Ap 1936. 

Jao, C.C. New Rhodophyceae from Woods Hole. Bull. Torrey 
Club 63: 237-256. pl. 10-13. 4 My 1936. 

Jao, C. C. New Zygnemataceae collected in China. Am. Jour. 
Bot. 23: 53-60. f. 1-37. “‘Ja’’ 26 Mr 1936. 

Jensen, J. H. Studies on the origin of yellow-mosaic viruses. 
Phytopathology 26: 266-277. f. 1. Mr 1936. 

Johansen, D. A. Morphology and embryology of Fouguieria. 
Am. Jour. Bot. 23: 95—99. f. 1-30. ‘“‘F’’ 23 Ap 1936. 

Johnson, A. M. Polyembryony in Eugenia Hookeri. Am. Jour. 
Bot. 23: 83-85. pl. 1-3. ‘‘F’’ 23 Ap 1936. 

Johnson, E. L. Development of roots and underground stems 
as influenced by x-radiation. Univ. Colorado Stud. 23: 
169-187. f. 1-4. Ap 1936. 

Johnson, H. W., & Edgerton, C. W. A heart rot of magnolia 
caused by Fomes geotropus. Mycologia 28: 292-295. f. J. 

1 Je 1936. 
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Johnson, J. A tobacco hybrid useful for virus studies. Am, 
Jour. Bot. 23: 40-46. f. 1-7- “Ja” 26 Mr 1936. 

Johnson, J. Tobacco streak, a virus disease. Phytopathology 
26: 285-292. f. 1-3. Mr 1936. 

Johnson, J. H. Algae as rock builders, with notes on some algal 
limestones from Colorado. Univ. Colorado Stud. 23: 217- 
222. f. 1, 2. Ap 1936. 

Johnson, K. R. Ecology of a glacial lake in central Colorado. 
Univ. Colorado Stud. 23: 235-243. f. 1. Ap 1936. 

Johnston, C. O. Reaction of certain varieties and species of the 
genus Hordeum to leaf rust of wheat, Puccinia triticina. 
Phytopathology 26: 235-245. f. 1. Mr 1936. 

Johnston, I. M. A study of the Nolanaceae. Proc. Am. Acad. 
Arts & Sci. 71: 1-87. 30 Ap 1936. 


* Kaufert, F. Heart rot of the Balsam fir in the Lake states, with 


special reference to forest management. Minnesota Agr. 
Exp. Sta. Tech. Bull. 110: 1-27. f. 1-10. S 1935. 

Kempton, J. H. Modification of a Mendelian ratio in maize by 
pollen treatment. Jour. Agr. Res. 52: 81-121. 15 Ja 1936. 

Kobs, E., & Robbins, W. J. Hydrogen-ion concentration and 
the toxicity of basic and acid dyes to fungi. Am. Jour. Bot. 
23: 133-139. f. 1-6. “F’”’ 23 Ap 1936. 

Kunkel, L. O. Immunological studies on the three peach dis- 
eases, yellows, rosette, and little peach. Phytopathology 
26: 201-219. f. 1-6. Mr 1936. 

Kunkel, L. O. Powdery mildew of potato in New Jersey. Phy- 
topathology 26: 392—393. f. 1. Ap 1936. 

LaRue, C. D. Tissue cultures of Spermatophytes. Proc. Nat. 
Acad. Sci. 22: 201-209. 15 Ap 1936. 

Lawton, E. Regeneration and induced polyploidy in Osmunda 
regalis and Cystopteris fragilis. Am. Jour. Bot. 23: 107- 
114. f. 1-16. “‘F”’ 23 Ap 1936. 

Ledingham, G. A. Rhizophidium graminis n. sp., a parasite of 
wheat roots. Canadian Jour. Res. 14: 117-121. pl. 1. Mr 
1936. 

Levine, M. The response of plants to localized applications of 
various chemical agents. Bull. Torrey Club 63: 177-198. 
pl. 7-9. 1 Ap 1936. 

Lindegren, C. C. Genetical studies of bacteria. I. The problem 

of the bacterial nucleus. Zentralb. Bakt: 2 Abt. 92: 41—48. 

1935; II. Origin of G-type colonies by transgenation. 389— 

400. f. 1-10. 1935; III. The problem of bacterial variation. 

93: 113-122. 1935. 
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Lindstrom, E. W. Genetics of polyploidy. Bot. Rev. 2: 197- 
215. Ap 1936. 

McClure, H. E. A city’s trees. Torreya 36: 29-34. Mr.—Ap 
1936. 

McCormack, H. W. The morphology and development of 
Caliciopsis pinea. Mycologia 28: 188-196. f. 1-12. 1 Ap 
1936. 

McCoy, T. N. The Pteridophyta of Rowan County, Kentucky. 
Jour. So. Appalachian Bot. Club 1: 37-39. Ap 1936. 

McKay, J. W. Factor interaction in Citrullus. Jour. Heredity 
27: 110-112. Mr 1936. 

McVaugh, R. The cucumber tree in eastern New York. Jour. 
So. Appalachian Bot. Club 1: 39-41. Ap 1936. 

Mahoney, K. L. Morphological and cytological studies on 
Fagopyrum esculentum. 11. Embryogeny. Am. Jour. Bot. 
23: 129-133. f. 1-29. “F” 23 Ap 1936. 

Markgraf, F. New Papuan Apocynaceae. Brittonia 2: 139- 
140. My 1936. 


Botanical results of the Archbold expedition. No. 5. 


Markgraf, F. New Papuan Melastomataceae. Brittonia 2: 
141-144. My 1936. 


Botanical results of the Archbold expedition. No. 6. 


Marriage, K. N. Treasure hunting in Colorado. New Flora & 
Silva 8: 167-171. f. 54-59. Ap 1936. 

Martin, G. W. Atractobasidium grandinia (Rick.) comb. nov. 
Mycologia 28: 198. 1 Ap 1936. 

Martin, G. W. Some Australian Heterobasidiomycetes. My- 
cologia 28: 214-221. f. 1, 2. 1 Je 1936. 

Maxon, W. R. Thomas Walter, botanist. Smithsonian Misc. 
Coll. 95°: 1-8. 22 Ap 1936. 

Meserve, M. F. Effect of x-radiation upon growth and respira- 
tion of narcissus bulbs. Univ. Colorado Stud. 23: 190-207. 
f. 1, 2. Ap 1936. 

Miller, J. H., & Wolf, F. A. A leaf-spot disease of honey locust 
caused by a new species of Linospora. Mycologia 28: 171-— 
180. f. 1, 2. 1 Ap 1936. 

Mitchell, J. W. Measurement of the area of attached and de- 
tached leaves. Science II. 83: 334-336. f. 1. 3 Ap 1936. 

Moore, M. B. A method of inoculating wheat and barley with 
loose smuts. Phytopathology 26: 397-400. f. J. Ap 1936. 

Morey, H. F. Age-size relationships of Heart’s Content, a vir- 
gin forest in northwestern Pennsylvania. Ecology 17: 251- 

257. Ap 1936. 
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Moss, E. H. The ecology of Epilobium angustifolium with par- 
ticular reference to rings of periderm in the wood. Am. 
Jour. Bot. 23: 119-120. f. 1-7. “F” 23 Ap 1936. 

Muenscher, W. C. The production of seed by Euphorbia cy- 
parissias. Rhodora 38: 161-163. 7 Ap 1936. 

Murneek, A. E. Determination of the chloroplast pigments of 
plants. Science II. 83: 327. 3 Ap 1936. 

Murphy, H.C. Effect of crown rust on the composition of oats. 
Phytopathology 26: 220-234. f. 1, 2. Mr 1936. 

Murphy, H. C. Reaction of the Victoria oat variety to crown 
rust. Phytopathology 26: 396-397. Ap 1936. 

Neatby, K. W. Factor relations in wheat for resistance to Puc- 
cinta Tritict, Puccinia glumarum and Erysiphe graminis. 
Phytopathology 26: 360-374. Ap 1936. 

Nightingale, G. T., & Farnham, R. B. Effects of nutrient con- 
centration on anatomy, metabolism, and bud abscission of 
sweet pea. Bot. Gaz. 97: 477-517. f. 1-21. 2 Ap 1936. 

Northen, H. T. The effect of centrifugal force on root-tips of 
Pisum sativum at various temperatures. Am. Jour. Bot. 
23: 64-69. f. 1-8. “Ja” 26 Mr 1936. 

Nusslé, H. A. The genus Underwoodia. Mycologia 28: 236— 
240. f. 1. 1 Je 1936. 

Overbeek, J. van. ‘‘Lazy’’ an a-geotropic form of maize. Jour. 
Heredity 27: 93-96. f. 2-4. Mr 1936. 

Pearson, G. A. Some observations on the reaction of pine seed- 
lings to shade. Ecology 17: 270-276. f. 1, 2. Ap 1936. 
Peirce, G. J. Are living cells involved in the ascent of sap? 

Am. Jour. Bot. 23: 159-162. “‘F’’ 23 Ap 1936. 

Pinkerton, M. E. A comparative study of conidial formation in 
Cephalosporium and some related Hyphomycetes. Ann. 
Missouri Bot. Gard. 23: 1-68. pl. 1-6. 20 Mr 1936. 

Plitt, C. C. Notes on the lichens of Jamaica. Bryologist 38: 
94-98. pl.6+f. 1, 2. S-O 1935. 

Plunkett, O. A. Contributions to the knowledge of southern 
California fungi. Publ. Univ. Calif. Biol. Sci. 1: 35-48. 14 
Mr 1936. 

Poesch, G. H., & Laurie, A. The use of artificial light and reduc- 
tion of the daylight period for flowering plants in the green- 
house. Ohio Agr. Exp. Sta. Bull. 559: 1-43. f. 1-8. N 1935. 

Ramaley, F. Stem and leaf anatomy as influenced by supple- 
mental light. Univ. Colorado Stud. 23: 245-250. f. 1-24. 
Ap 1936. 

Raskin, A. How much oxygen is produced by the ordinary 

photosynthesizing leaf? Teaching Biol. 5: 82-84. F 1936. 
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Ray, W. W. Pathogenicity and cultural experiments with Cali- 
ciopsis pinea. Mycologia 28: 201-208. f. 1-6. 1 Je 1936. 

Reed, G. M. Report on the influence of the growth of the host 
on smut development. Miscellanea 1: 43-46. 1936. 

Rehder, A. Notes on the ligneous plants described by H. Le- 
veille for eastern Asia. Jour. Arnold Arbor. 17: 53-82. Ap 
1936. 

Rendle, A. B. Notes on the flora of the Bermudas. Jour. Bot. 
74: 42-50. F 1936; 65-71. Mr 1936; 101-112. Ap 1936. 

Robbins, W. J., Bartley, M., & White, V. B. Growth of frag- 
ments of excised root tips. Bot. Gaz. 97: 554-579. f. 1-16. 
2 Ap 1936. 

Roller, B. R. Showy lady’s slipper in West Virginia. Jour. So. 
Appalachian Bot. Club 1: 9-10. Ja 1936. 

Rose, L. S. An unreported species of Cakile in California. Leafl. 
West. Bot. 1: 224. 24 Ap 1936. 

Rothmaler, W. Alchemillae columbianae. Trab. Mus. Nac. 
Cien Nat. Madrid Bot. Ser. 31: 1-52. pl. 1-3+f. 1-6. 1935. 

Runyon, E. H. Ratio of water content to dry weight in leaves 
of the creosote bush. Bot.Gaz. 97:518—553. f. 1-9. 2 Ap1936. 

Sealy, J. R. Synthyris stellata. Curt. Bot. Mag. 159: pl. 9427. 
29 F 1936. 

From Oregon and Washington. 

Seaton, H. L., & Gray, G. F. Histological study of tissues from 
greenhouse tomatoes affected by blotchy ripening. Jour. 
Agr. Res. 52: 217-224. pl. 1-9. 1 F 1936. 

Seaver, F. J., & Shope, P. F. Some Rocky Mountain Basidio- 
mycetes. Univ. Colorado Stud. 23: 189-197. f. 1. Ap 1936. 

Seymour, E. L. D. The garden encyclopedia. i-x, 1—1300. 
pl. 1-59. New York. W. H. Wise & Co. 1936. 

Shannon, H. J. The book of the seashore. i—xxvii, 1-281. illust. 
New York. Doubleday, Doran & Co. 1935. 

Contains some botanical information. 

Sharsmith, H. K. The genus Sedella. Madrono 3: 240-248. 
pl. 12. Ap 1936. 

Sherff, E. E. Additions to the genus Euphorbia L. and to cer- 
tain genera of the Compositae. Bot. Gaz. 97: 580-609. 
2 Ap 1936. 

Singh, B. N., Kapoor, G. P., & Choudhri, R. S. Growth studies 
in relation to ultraviolet radiation. Bot. Gaz. 97: 649-665. 
f. 1-13. 2 Ap 1936. 

Singleton, W. R., & Jones, D. F. Sweet corn inbreds. Connec- 

ticut Agr. Exp. Sta. Circ. 112: 51-58. f. 20-22. Ap 1936. 
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Smith, A. C. Plantae Krukovianae. V. Brittonia 2: 145-164. 
My 1936. 

Smith, C. O. Crown gall on Araucaria Bidwillii. Phytopathol- 
ogy 26: 400-401. f. J. Ap 1936. 

Snell, R. S. Anatomy of the spikelets and flowers of Carex, 
Kobresia and Uncinia. Bull. Torrey Club 63: 277-295. 
f. 1-30. 4 My 1936. 

Sommers, A. L. The relationship of the phosphate concentra- 
tion of solution cultures to the type and size of root sys- 
tems and the time of maturity of certain plants. Jour. 
Agr. Res. 52: 133-148. f. 1-7. 15 Ja 1936. 

Sprague, R., & Johnson, A.G. A new Pseudoiscosia. Mycologia 
28: 181-185. f. 1, 2. 1 Ap 1936. 

Steinberg, R. A. Effects of barium salts upon Aspergillus niger 
and their bearing upon the sulphur and zinc metabolism 
of the fungus in an optimum solution. Bot. Gaz. 97: 
666-671. 2 Ap 1936. 

Stout, A. B. Breeding for hardy seedless grapes. Jour. N. Y. 
Bot. Gard. 37: 96-99. pl. 1. Ap 1936. 

Swallen, J. R. Three new grasses from Polynesia. Jour. 
Washington Acad. Sci. 26: 177-179. 15 Ap 1936. 

Swartz, D. The development of Lycoperdon acuminatum. 
Mycologia 28: 278-283. f. 1-9. 1 Je 1936. 

Swartz, D. The development of Lycoperdon pedicellatum Pk. 
(Bovistella pedictellata (Pk.) Lloyd). Am. Jour. Bot. 23: 
4-7. f. 1-11. “Ja” 26 Mr 1936. 

Taubenhaus, J. J., & Ezekiel, W. N. Longevity of sclerotia 
of Phymatotrichum omnivorum in moist soil in the labora- 
tory. Am. Jour. Bot. 23: 10-12. f. /. ‘‘Ja’’ 26 Mr. 1936. 

Taylor, C. F. A method for the isolation of Actinomycetes from 
scab lesions on potato tubers and beet roots. Phytopathol- 
ogy 26: 387-388. Ap 1936. 

Tompkins, C. M., & others. Phytophthora rot of sugar beet. 
Jour. Agr. Res. 52: 205-216. pl. 1+/f. 1-3. 1 F 1936. 

Thompson, G. E. Nyctalis parasitica and N. asterophora in cul- 
ture. Mycologia 28: 222-227. f. 1-21. 1 Je 1936. 

Tiffany, L. H. Wille’s collection of Puerto Rican fresh-water 
algae. Brittonia 2: 165-175. pl. 1-3. My 1936. 

Trapp, G. A bacillus isolated from diseased plants of Aucuba 
japonica (Thunb.). Phytopathology 26: 257-265. f. J. 
Mr 1936. 

Tryon, R. M. Botrychium dissectum and forma obliquum. Am. 
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